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The Mohawkian series of the Middle Late Ordovician was a time of great lithological and 
faunal changes that coincide with a positive δ13C excursion known as the Guttenberg Isotopic 
Carbon Excursion (GICE). Two prevailing hypotheses have been proposed to explain the cause 
of these changes. The “cold-water” hypothesis suggests that global cooling caused the tropical 
belt to shrink and cold water to invade the epicontinental sea while the “tectonic-forcing” 
hypothesis suggests that increased weathering rates led to basinal deepening, resulting in cooler 
oceanic waters invading the midcontinent sea. 
This study tests if regional tectonics caused by the Taconic Orogeny led to an invasion of 
cool ocean water into the epicontinental sea using rare earth elements (REEs).  Additionally, this 
research analyzes the potential REE enrichment sources to determine the level of diagenesis and 
to better determine paleoceanographic conditions.  The hypothesis of this research states that 
REE values from the Dickeyville, Wisconsin section will exhibit a shift through time from 
“HREE-depleted” patterns to “HREE enriched” patterns.  The “HREE-depleted” pattern would 
indicate that the shallow carbonate platform experienced LREE and MREE enrichment due to 
sediment deposition dominating the seawater signal.  The transition to a “HREE enriched” REE 
pattern would coincide with a decrease in sediment deposition as basinal deepening occurs and 
seawater became the dominant REE enrichment source.  Rare earth element concentrations were 
measured using an LA-ICP-MS on four conodont species prevalent in Dickeyville, WI with 
attention to the three types conodont tissues as well.   
The Dickeyville conodonts experienced REE enrichment from high terrigenous influx, 
which overprinted the “true” seawater REE signal.  Additionally, REE profiles indicate that K-
bentonite deposits played a role in REE enrichment in the stratigraphically associated intervals 
 viii 
and that sediment from a mix of sources is the primary source for REEs with occasional inputs 
from weathered magmas originating from the Transcontinental Arch and Precambrian shield.  
Due to the terrigenous overprinting and ashbed REE enrichment, the redox and oceanographic 
changes at the Dickeyville section could not be definitively interpreted.  Therefore, REE analysis 















Chapter 1. Introduction  
The Ordovician Period is interpreted as a period of greenhouse climate ending with a 
short glacial event that fueled the first Phanerozoic mass extinction event in the Hirnantian age 
(Servais et al., 2010; Brenchley et al., 2003; Brenchley et al., 1995; Crowley and Baum, 1995; 
Sepkoski, 1996). Even before the Hirnantian extinction event, the Late Ordovician was a period 
of large scale faunal and paleoceanographic changes (Figure 1; Young et al., 2005; Holland and 
Patzkowsky, 1996; Kolata et al., 2001). 
During these changes in the Late Ordovician, there was an epicontinental sea in eastern 
North America that was divided into three distinct water masses defined by temperature and 
salinity: the Taconic aquafacies, Midcontinent aquafacies, and Southern aquafacies (Young et 
al., 2005; Holmden et al., 1998).  The Taconic aquafacies shared the temperature and salinity 
aspects of surficial ocean waters, which is reflected in the presence of both Atlantic Faunal 
Region (AFR) and Midcontinent Faunal Region (MRF) conodonts, δ13Ccarb=(+0.3‰)-(+2.2‰), 
δ13Corg=(-26.7‰)-(-29.0‰), and εNd= -7.5 +/-2.3 (Panchuk et al., 2006; Holmden et al., 1998).  
The Midcontinent and Southern aquafacies have only MFR conodonts, however, the Southern 
aquafacies exhibits similar geochemical signatures as the Taconic aquafacies (Panchuk et al., 
2006).   In terms of geochemistry, the Midcontinent aquafacies exhibits δ13Ccarb=(-2.0‰)-(-
1.0‰), δ13Corg=(-30.4‰)-(-28.7‰), and εNd= -15.4 +/-2.6 (Panchuk et al., 2006; Holmden et al., 
1998).  The presence of these aquafacies has been previously interpreted as an epicontinental sea 
that experienced sluggish or restricted circulation (Young et al., 2005; Holmden et al., 1998). 
However, this interpretation has only been studied during a brief time period (454 Ma) between 




Figure 1: Chart showing the Upper Ordovician series and stages of North America (left); lithologic changes along the M4/M5 
sequence boundary (middle); δ13C and δ18O trends at Dickeyville, WI (right) (modified from Herrmann et al., 2010; Wright, 2015).  
The area marked in red is the approximate location of the 454 Ma time slice between the Deicke and Millbrig K-bentonites based on 




paleoceanographic changes associated with δ13C excursions (Young et al., 2005; Holmden et al., 
1998). Furthermore, this aquafacies model has come under scrutiny recently as another 
interpretation proposed by Metzger and Fike (2013) suggests that diagenetic alteration affected 
the δ13C curve observed across these proposed aquafacies (Metzger and Fike, 2013; Sell et al., 
2015).  However, recent work in modern shallow platform environments in the Florida Bay and 
Great Bahama Banks have exhibited δ13CDIC spatial gradients with little variation suggesting that 
the aquafacies model is applicable to the Late Ordovician midcontinent sea (Quinton et al., 2015; 
Patterson and Walter, 1994; Swart et al., 2009). Further study across the geographical extent of 
the midcontinent sea may shed light on the effects of regional vs global processes (Quinton et al., 
2015). 
The Guttenberg Isotopic Carbon Excursion (GICE; Figure 1) occurred during the Late 
Turinian and Chatfieldian stages in North America (Patzkowsky et al., 1997; Hatch et al., 1987; 
Young et al., 2005). The GICE has played an important role in international correlation as well 
as tracking regional environmental changes driven by geochemically separate water masses, 
ocean circulation, and upwelling (Young et al., 2005, Quinton et al., 2015; Sell et al., 2015). 
Most notably, the GICE is stratigraphically associated with a major lithological and faunal shift 
(Figure 1) in North America during the Mohawkian series (Kolata et al., 2001, Pope and Steffen, 
2003; Young et al., 2005). Pope and Steffen (2003) interpreted the GICE as representing a 
Turinian-Chatfieldian aged enhanced upwelling that occurred along Laurentia’s southern margin.  
There is debate over which mechanism played a significant role in causing the observed 
lithological and faunal changes. Two hypotheses have been proposed to explain these changes: 
the “cool water” hypothesis and the “tectonic forcing” hypothesis (Lavoie and Asselin, 1998; 
Pope and Read, 1997; Holland and Patzkowsky, 1996; Holland, 1997; Patzkowsky and Holland, 
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1996). The “cool-water” hypothesis, states that cooling within the epicontinental sea of North 
America caused the lithologic changes through the Turinian-Chatfieldian (Lavoie and Asselin, 
1998; Pope and Read, 1997). The “tectonic forcing” hypothesis states the Taconic Orogeny 
caused increased weathering rates that resulted in lithostatic loading and basinal deepening, 
which allowed cooler oceanic waters to invade the epicontinental sea (Kolata et al., 2001; 
Holland and Patzkowsky, 1996; Holland, 1997; Patzkowsky and Holland, 1996). The validity of 
the “cool-water” hypothesis has been called into question due to Laurentia’s close proximity to 
the equator and δ18O studies indicate a lack of significant cooling at the time (Scotese and 
McKerrow, 1990; 1991; Buggisch et al., 2010; Rosenau et al., 2012). This study utilized rare 
earth element (REE) analysis to better determine the mechanism for this movement of water 
masses.  REE trends exhibit a variety of patterns that can reflect the paleoceanographic 
conditions at the time of deposition. Three distribution patterns, formatted as spider plots, have 
been distinguished based on the normalized (relative to Post Archean Australian Shale; Nance 
and Taylor, 1976) concentrations of LREEs, MREEs, and HREEs relative to each other (Haley et 
al., 2004; Kim et al., 2012; Chen et al., 2015). 
A “flat” pattern trend shows no enrichment of any particular group of REE elements and 
is associated with oxic to suboxic porewater conditions (Chen et al., 2015).  It is caused by the 
adsorption of LREEs from the water column by particulate organic carbon (POC) and 
subsequent release at the sediment water interface (Chen et al., 2015; Sholkovitz et al., 1992; 
Arraes-Mescoff et al., 2001).  This enrichment of LREEs levels out the pattern, which would 
otherwise show enrichment of HREEs if seawater was the dominant REE source (Chen et al., 
2015; Haley et al., 2004; Kim et al., 2012). 
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An HREE-enriched pattern is commonly associated with anoxic porewater conditions 
that are dominated by hydrogenous (seawater) sources as well as the methanic zone (Chen et al., 
2015; Haley et al., 2004; Kim et al., 2012).  This is caused by the same REE adsorption and 
release processes that result in the “flat” pattern, except that HREEs are preferentially adsorbed 
after POCs are degraded (Chen et al., 2015; Haley et al., 2004; Kim et al., 2012). 
An MREE “bulge” pattern trend shows MREE enrichment relative to LREEs and HREEs 
the cause of which has been debated (Grandjean et al., 1987; Grandjean-Lécuyer et al., 1993; 
Kidder and Eddy-Dilek, 1994; Lécuyer et al., 1998, Lécuyer et al., 2004; Kidder et al., 2003; 
Bright et al., 2009; Zhao et al., 2013; Chen et al., 2015). The three mechanisms proposed for the 
MREE “bulge” include: Fe-Mn oxyhydroxide adsorbtion, LREE and HREE adsorption by Fe 
and Mn oxyhydroxide respectively, and phosphate preferential adsorption (Haley et al., 2004; 
Prakash et al., 2012; Soyol-Erdene and Huh, 2013; Byrne et al., 1996; Rasmussen et al., 1998; 
Hannigan and Sholkovitz, 2001; Chen et al., 2015).  An important factor to better constrain these 
patterns is to analyze the various REE sources that can affect the patterns in conodont bioapatite 
Bioapatites within conodont fossils that have REE concentrations acquired 
hydrogenously tend to have low ΣREE and depletion of LREEs (Zhao et al., 2013; Wright et al., 
1987; Lécuyer et al., 1993; Lécuyer et al., 2004).  When siliciclastic deposition is moderate to 
high, the REE signature will reflect a terrigenous REE signature illustrated by high ΣREE and 
LREE and MREE enrichment (Zhao et al., 2013; Sholkovitz and Shen, 1995; Reynard et al., 
1999; Bright et al., 2009).  Additionally, ashbeds and clays have been connected to REE 
enrichment in conodonts in surrounding sediments (Zhao et al., 2013).  These different REE 
sources can have an effect on REE patterns analyzed.  
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The purpose of this research is to test if regional tectonics caused by the Taconic 
Orogeny led to an invasion of cool ocean water into the Midcontinent aquafacies where the 
Dickeyville, Wisconsin is located.  Furthermore, this research evaluated the REE signal source to 
determine diagenetic effects and to constrain the REE signal source when interpreting 
paleoceanographic conditions.  This research hypothesizes that rare earth element values from 
the Dickeyville section will exhibit a shift through time from “HREE-depleted” patterns (bottom 
of section) to “HREE enriched” patterns (top of section).  The “HREE-depleted” pattern would 
indicate that the shallow water carbonate platform experienced LREE and MREE enrichment 
due to substantial sediment deposition that dominated the seawater signal that would have 
otherwise caused enrichment HREE (Chen et al., 2015; Kolata et al., 2001; Zhao et al., 2013; 
Sholkovitz and Shen, 1995; Reynard et al., 1999; Bright et al., 2009).  As basinal deepening 
occurred and sediment deposition becomes less prevalent, the REE pattern will shift to an 
“HREE-enriched” pattern as seawater became the dominant REE signal (Chen et al., 2015; 













Chapter 2. Geologic Setting 
During the Late Ordovician, Laurentia was situated along the equator and rotated such 
that eastern North America was approximately 15o to 30o S of the equator (Figure 2; Brenchley 
et al., 2003; Witzke, 1990; Patzkowsky et al., 1997; Young et al., 2005; Scotese and McKerrow, 
1991; Pohl et al., 2014).  Along the eastern margin of North America, a mountain building event 
known as the Taconic Orogeny occurred as a result of island arc collisions and/or microplates 
(Ettensohn, 1994; Kolata et al., 2001; Young et al., 2005; Wright and Stigall, 2013). 
 
 
Figure 2: Paleogeographic map illustrating the position of Laurentia relative to the Equator 
during the Late Middle Ordovician (modified from Young et al., 2005; Blakey, 2007). 
 
The Sebree Trough is a paleoceanographic structure that formed, between the late 
Turinian and early Chatfieldian, across the Midcontinent United States and shows a stark 
contrast to the uniform and continuous deposition across North America due to the distinct 
narrow shale deposits (Kolata et al., 2001). Previous studies have reached differing conclusions 
regarding the formation of the trough but the prevailing theory states the trough formed as a 
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linear bathymetric depression during the late Turninan and early Chatfieldian over the failed late 
Precambrian-early Cambrian Reelfoot Rift (Kolata et al., 2001). The trough is an anomaly in an 
otherwise stable depositional environment where the trough-filled shales contrast with the 
carbonates from the surrounding platform (Kolata et al., 2001; Bergström and Mitchell, 1992; 
Keith and Wickstrom, 1993). Studies concerned with the trough’s effect on deposition showed 
widespread phosphatic carbonates and phosphate crust deposits in the Chatfieldian and later 
Ordovician succession (Figure 3) (Witzke, 1980; Witzke, 1987; Raatz and Ludvigson, 1996; 
Kolata et al., 2001). This change in deposition is the result of a quasi-estuarine circulation 
system that received cool, phosphate-rich water from the Iapetus Ocean (Figure 3; Kolata et al., 
2001).  Compounding these changes in circulation was the Taconic Orogeny (Figure 3), which 
caused flexural down warping and siliciclastic influx that further facilitated the cool water 
upwelling originating in the Sebree Trough (Ettensohn, 1994; Kolata et al., 2001; Young et al., 
2005; Wright and Stigall, 2013).  
The eastern North American mid-continent contains six identified Upper Ordovician 
sequences (Figure 1) designated as M1 to M6 (Holland and Patzkowsky, 1996). North American 
deposits studied from above the M4/M5 sequence boundary contain evidence of a possible 
climatic shift from warm-water to cool-water conditions (Lavoie and Asselin, 1998; Holland and 
Patzkowsky, 1996; Patzkowsky and Holland, 1996; Pope and Read, 1997; Young et al., 2005; 
Wright and Stigall, 2013). The two prevailing hypotheses regarding the lithologic and faunal 




Figure 3: Map showing the paleogeography of Middle-Late Ordovician Laurentia.  Atmospheric 
and oceanic circulation patterns, particularly different water masses in the midcontinent, are 
illustrated in addition to lithofacies and tectonic features, most notably the Taconic Orogeny to 














Chapter 3. Hypotheses on North American Turinian-Chatfieldian Lithologic Changes  
 
3.1 The “Cool-Water” Hypothesis  
The “cool-water” hypothesis suggests that global cooling caused the tropical belt to 
shrink and cold water to invade these once tropical areas (Lavoie, 1995). There have been 
multiple suggested mechanisms that drove the cooling event. One mechanism proposed by 
Kolata et al. (2001) suggests the Sebree Trough was a passage that allowed cool oceanic waters 
to reach the epicontinental sea of Laurentia. A study by Herrmann et al. (2004) suggested a 3-
dimensional global ocean circulation model that shows how changes in paleogeography and 
atmospheric pCO2 might have led to cold-water currents of high southern latitudinal origin 
inundating the shallow epicontinental ocean in Laurentia. Additionally, upwelling of cold water 
from the open ocean due to strong thermohaline circulation has also been suggested as a 
potential cause for the changes observed in the epicontinental seas (Pope and Steffen, 2003).  
This mechanism is based on the extensive deposition of phosphatic and cherty carbonates found 
along Laurentia’s southern and western margin (Pope and Steffen, 2003).  In contrast to the 
emphasis on ocean circulation changes used in “Cool-Water” hypothesis, the “Tectonic-Forcing” 
hypothesis focuses on tectonic changes as a potential driving force. 
 
3.2 Concerns regarding the “Cool-Water” Hypothesis 
 The “cool-water” hypothesis has a number of inconsistencies that challenge its validity 
(Berry and Wilde, 1978; Brenchley et al., 1995; Railsback et al., 1990). Current δ18O data from 
conodont studies reveal that minimal cooling was involved during this period (Buggisch et al., 
2010; Rosenau et al., 2012).  Previous studies have argued that oceanic circulation was defined 
by slow circulation of intermediate and deep waters that were propelled by downwelling of warm 
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saline water masses (e.g., Berry and Wilde, 1978; Brenchley et al., 1995; Railsback et al., 1990).  
Due to these shortcomings, the more viable cause of the Turinian-Chatfieldian faunal and 
lithologic changes would be the “tectonic-forcing” hypothesis. 
 
3.3 The “Tectonic-Forcing” Hypothesis  
The “tectonic forcing” hypothesis argues that the observed lithologic and faunal changes 
were in response to the Taconic Orogeny along the eastern margin of the epicontinental sea 
rather than decreasing temperatures.  The tectonic changes brought on by the Taconic Orogeny 
would have created high relief areas that were rapidly eroded, which would increase the 
terrigenous fluxes to the basin (Holland and Patzkowsky, 1996; Holland, 1997; Patzkowsky and 
Holland, 1996). This would lead to the biogenic carbonate input becoming diluted as turbid 
waters continued to expand across eastern North America (Holland and Patzkowsky, 1996; 
Holland, 1997; Patzkowsky and Holland, 1996). Lithospheric loading from this increased 
terrigenous flux would have caused basin deepening, which in turn, lead to an incursion of cool, 
nutrient-rich waters from the open ocean (Holland and Patzkowsky, 1996; Holland, 1997, 









Chapter 4. Rare Earth Element Studies 
Rare earth elements (REEs) are comprised of a suite of elements known as the lanthanide 
series, which ranges from Lanthanum to Lutetium. These elements are grouped into three groups 
(Table 1) based on atomic number: light REEs (LREEs), medium REEs (MREEs), and heavy 
REEs (HREEs) (Chen et al., 2015). These distinctions are predicated on a decrease in ionic 
radius due to the filling of the 4f electron shell as atomic number increases, which results in the 
preferential absorption or substitution of certain REE fractions by various minerals (Chen et al., 
2015; Sholkovitz et al., 1989). Two REEs exhibit the largest inter-elemental fractionations with 
multiple valences: Cerium (Ce (III) and Ce (IV)) and Europium (Eu (II) and Eu (III)), making 
them redox sensitive (German and Elderfield, 1989; Holser, 1997; Chen et al., 2015). However, 
Eu requires high temperature and low redox potential to be properly redox sensitive, making it 
less reliable at Earth’s surface outside of magmatic systems (Chen et al., 2015; Bau, 1991). In 
addition to Ce and Eu anomalies, enrichments of the three REE groups are largely reported as 
ratios with a single element from each group acting as a representative (Chen et al., 2015). The 
most commonly used ratios used for tracking these enrichments among the three REE groups are 
La/Sm (LREE/MREE), La/Yb (LREE/HREE), and Sm/Yb (MREE/HREE) where each element 
acts as a representative of one of the three REE groups (Chen et al., 2015). Enrichments based on 
these ratios form the patterns illustrated in the REE spider plots (i.e. “flat”, “MREE bulge”, and 
“HREE enriched”), which help determine the paleoceanographic conditions the conodonts from 





Table 1: REEs and their distinguishing characteristics that segregate them into LREE, MREE, 
and HREE (Chen et al., 2015). 
 
REE atomic and concentration data    
  Element Atomic number Ionic radius Orbital 
   [10-10 m] configuration 
   CN CN  
   6 8  
LREE La 57 1.032 1.16 [Xe]5d1 6s2 
 Ce 58 1.01 1.143 [XE]4f1 5d1 6s2 
      
MREE Pr 59 0.99 1.126 [Xe]4f3 6s2 
 Nd 60 0.983 1.109 [Xe]4f4 6s2 
 Sm 62 0.958 1.079 [Xe]4f6 6s2 
 Eu 63 0.947 1.066 [Xe]4f7 6s2 
      
HREE Gd 64 0.938 1.053 [Xe]4f7 5d1 6s2 
 Tb 65 0.923 1.04 [Xe]4f9 6s2 
 Dy 66 0.912 1.027 [Xe]4f10 6s2 
 Ho 67 0.901 1.015 [Xe]4f11 6s2 
 Er 68 0.89 1.004 [Xe]4f12 6s2 
 Tm 69 0.88 0.994 [Xe]4f13 6s2 
 Yb 70 0.868 0.985 [Xe]4f14 6s2 
  Lu 71 0.861 0.977 [Xe]4f14 5d1 
6s2 











Chapter 5. Lithostratigraphy and Conodont Assemblage of Dickeyville, WI  
The following is a summary of the Dickeyville section’s lithostratigraphy from 
McLaughlin et al. (2001).  The lowest formation observed at the US Highway 151 roadcut 
(Figure 4) is the Platteville Formation with the lower-most exposed member, the Pecatonica 
Member, comprised of a fossiliferous dolostone. Above the Pecatonica Member is the McGregor 
Member, which is composed of an upward succession of fossiliferous limestone that transitions 
from wavy to nodular bedding. The upper-most 2m of the McGregor Member is separately 
defined as the Grand Detour Formation due to the more horizontally bedded limestones that also 
contains bioturbated mudstone with shale partings (Leslie and Bergström, 2005).  The top of the 
Grand Detour Formation, called the Quimby’s Mill Member, is described as dense, brown 
colored micrite with interbedded grainstone and is the first exposed member at the U.S. Highway 
151 roadcut. The Quimby’s Mill Member has been interpreted as being deposited in a upward 
shallowing sequence that ends with a sequence boundary (Ludvigson et al., 2004).  The sequence 
boundary is interpreted as a drowning surface (Ludvigson et al., 2004; Kolata et al., 2001).  The 
basal interval of the Decorah Formation is known as the Carimona Member, which is comprise 
of a fossiliferous, wackestone and also includes the Deicke K-bentonite. Overlying the Carimona 
Member is the Spechts Ferry Member that is distinguished by its shale deposits and the Millbrig 
K-bentonite located in the lower portion of the member. This sequence is interpreted as an 
upward shallowing sequence that ends with another rise in sea level (Ludvigson et al., 2004).  
Above the Specht’s Ferry Member is a limestone unit known as the Guttenberg Member, which 
includes the Elkport K-bentonite and Dickeyville K-bentonite in the lower and upper portions of 
the limestone member respectively.  Between the Elkport and Dickeyville K-bentonite, the 
Guttenberg transitions from packstone to amalgamated grainstones.  The Guttenberg Member  
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Figure 4: Stratigraphic column showing the lithological sequence at the US Highway 151 road cut where samples were collected along 
with δ13C and δ18O (Wright, 2015) as well as REE trends.  The M4-M5 sequence boundary coincides with the peak of the GICE at 
0.0m as noted in Figure 1.
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was deposited in an upward shallowing sequence (Choi, 1999).  The remaining Guttenberg 
Member and overlying Ion Member consist of calcareous shale with interbedded, irregularly 
bedded, packstones and grainstones.  The contact of the Guttenberg and Ion Member is 
interpreted as the uppermost drowning surface of the Dickeyville sequence (Ludvigson et al., 
2004). 
The following is a summary of the conodont assemblage at the Dickeyville section from 
Leslie and Bergström (2005). In terms of conodont assemblage, the Grand Detour Formation and 
Quimby’s Mill Member are dominated by Drepanoistodus suberectus, Panderodus gracilis, and 
Belodina compressa with Pseudobelodina manitoulinensis also associated with these intervals. 
Polyplacognathus ramosus, Besselodus variabilis, and Scyphiodus primus are also present but 
less so in the upper parts of the section.  The conodont assemblage of the Spechts Ferry 
Formation is defined by the presence of P. cognitus and O. serratus but it is also predominantly 
comprised of D. suberectus, P. gracilis, Oulodus serratus, Phragmodus cognitus, and 
Phragmodus undatus.  Above the Deicke K-bentonite, the conodont assemblage is comprised of 
P. ramosus, S. primus, and B. variabilis, similar to the conodont fauna found in the Quimby’s 
Mill Formation.  The Guttenberg Formation exhibits low levels of diversity with the predominant 
species being: Plectodina aculeate, O. serratus, and P. undatus.  Other species present include: 







Chapter 6. Materials and Methods 
 
6.1 Fieldwork 
Fieldwork, which was conducted by Wright (2015), focused on collecting limestone 
samples from the U.S. Highway 151 road cut (Figure 5) at 0.5m intervals.  Intervals sampled 
below the Deicke K-bentonite were labeled from P.14-P.4 from the base of the section to the 
limestone deposit directly beneath the Deicke. Samples collected between the Elkport and 
Deicke K-bentonites were labeled from A.1-A.20 with the A.1 interval collected from the single 
limestone deposit between the Deicke and the Millbrig K-bentonites.  The samples collected 
above the Elkport (approximately 6m of section) were labeled from 0.0m-5.4m.  Limestone 
samples for all these intervals were collected in bulk rock sample bags for conodont studies and 
returned to Louisiana State University for laboratory study. 
 
Figure 5: Picture of US Highway 151 road cut with red lines outlining the locations of the K-
bentonite deposits. 
 
6.2 Conodont Extraction 
In preparation for the dissolving process, the limestone bulk samples were broken into 
smaller fragments that were then weighed to approximately 1kg and placed within clean, plastic 
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paint buckets filled with 15 L of water. The buckets were labeled in accordance with the 
nomenclature used for laboratory safety and identification: percent acid (e.g. 10% acetic acid), 
field bag ID label (e.g. A.5), and date (e.g. 9/6/2015). The paint buckets were filled with 10% 
acetic acid (1.5 L of acetic acid) to dissolve the non-dolomitized carbonate material without 
damaging or removing the apatite conodonts.  The conodont bearing remnants from the acetic 
acid was then passed through a 200 and 230 μm wire mesh sieve.  The fine material collected 
from the 230μm sieve was collected in a plastic boat.  The coarse material, collected by the 
200μm sieve, was dried off and density separated utilizing 100mL of sodium polytungstate 
(SPT).  The density separation removed residual siliciclastic and clay material, which made it 
easier to pick. Light residual material from the density separation was identified, marked, and 
segregated for future use.  Heavy residual material from the density separation was washed with 
deionized water and placed in an oven set at 50oC.  Once dry, this heavy material was be picked 
through using a binocular, light-microscope and wetted brush to identify and segregate 
conodonts with particular attention to the taxa described in the study by Leslie (2000). After 
being picked from the material, the conodont samples were sorted into slides based on 
stratigraphic interval. 
 
6.3 REE Measurement  
REE data was collected from four conodont species (Drepanoistodus suberectus, 
Panderodus gracilis, Pseudobelodina manitoulinensis, and Polyplacognathus ramosus; Figure 6) 
using a laser ablation-inductively coupled plasma-mass spectrometer (LA-ICP-MS). Ten 
conodonts from these four species were collected from each interval and mounted on a glass 
slide using a heat-activated epoxy called Crystal Bond 509.  The glass slide was placed on a heat  
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plate set at 73.3oC for 10 minutes in order for the epoxy to set around the conodont samples.  
After cooling, the glass slides were placed in the laser ablation chamber along with a NIST 612 
glass standard (Wise and Watters, 2012) and Durango apatite for analysis (Table 2a and 2b).  
The NIST 612 glass was used as an external standard while the Durango apatite acted as the 
secondary standard for comparing the data of the conodont runs. The Durango apatite used for 
this study originated from the iron mine of Cerro de Mercado outside of Durango, Mexico (Chew 
et al., 2011).  It is associated with small felsic intrusions, which formed between two ignimbrite 
eruptions from the Chupaderos caldera complex (Chew et al., 2011).  It is most commonly used 
as a standard for apatite electron micro-probe analysis, fission-track analysis, and (U-Th)/He 
dating (Chew et al., 2011; Chew et al., 2014; McDowell et al., 2005). 
The different conodont components or tissues (albid crown, hyaline crown, and 
basal cavity) were the target location of the laser to track variations due to diagenetic 
overprinting on the REE concentrations (Trotter and Eggins, 2006).  The elements (dwell 
times are in parentheses and measured in seconds) that were analyzed included: 43Ca 
(0.03), 24Mg (0.01), 27Al (0.01), 31P (0.01), 48Ti (0.01), 66Zn (0.01), 88Sr (0.01), 89Y (0.01), 
90Zr (0.01), 137Ba (0.02), 139La (0.01), 140Ce (0.01), 141Pr (0.01), 146Nd (0.01), 147Sm (0.04), 
153Eu (0.04), 157Gd (0.04), 159Tb (0.04), 163Dy (0.04), 165Ho (0.04), 166Er (0.05), 169Tm (0.05), 
172Yb (0.05), 175Lu (0.05), 232Th (0.05), and 238U (0.05).  The results from these 
measurements were exported to Iolite v2.5 (Hellstrom et al., 2008) for data reduction in 
order to isolate the “true” conodont signal and remove false signals produced by clay 
material that covered the conodont and from burning through the conodont into the glass 
slide.  The percentage of Ca in an apatite (Ca= 39.36% or 0.3936) was used to establish a 
baseline for the signals analyzed in Iolite.  Clay material was distinguished based on 
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anomalously high Aluminum (Al) concentrations and the glass slide using anomalously  
high Zirconium (Zr) and Barium (Ba) concentrations.  The signal indicative of the clay material 
was isolated for %Clay analysis.  This clay signal, in addition to the glass slide signal, was 
segregated from the “pure” conodont signal that did not show these Al, Zr, and Ba anomalies.  
To determine the %Clay in the samples, the Al measurements from these clay signals were 
segregated into their respective stratigraphic intervals and averaged.  These averaged Al 
measurements for each interval were then converted from ppm to percent. 
 
Table 2a: Operating parameters of the ICP-MS for each run conducted for conodont REE 
analysis. 
 










RF Power (W) 1550 1550 1550 1550 
Cool gas flow rate (l/min) 14 14 14 14 
Carrier gas (Ar) flow rate (l/min) 0.78 0.78 0.78 0.78 
Carrier gas (He) flow rate (l/min) 0.65 0.65 0.65 0.65 
 
Table 2b: Operating parameters of the laser ablation system for each run conducted for conodont 
REE analysis. 
 
Operating Parameters for Cetac G2-213 laser system 
Type Run A Run B Run C Run D 
Laser Type Nd: YAG Nd: YAG Nd: YAG Nd: YAG 
Laser Energy (%) 30 30 20 30 
Shot Frequency (Hz) 10 10 10 10 
Shutter Delay (s) 10 10 20 10 
Ablation time (s) 70 70 60 70 
Washout time (s) 10 10 10 10 




Chapter 7. Results  
7.1 Durango Apatite Results 
 The Durango Apatite values collected from this study were compared to literature values 
collected from Yang et al. (2014). To determine the accuracy of the Durango Apatite, a REE 
spider plot (Figure 7) and Ce anomaly plot (Figure 8) were made using the REE values measured 
from each run after being normalized to PAAS (Table 3). The REE trends (Figures 7) allowed 
for a comparison of the Durango REE values across all REEs in comparison to the literature 
values (Yang et al., 2014). The trends of all four runs compared to the literature trends showed 
similar patterns with the exception of Durango Fisher.  Further variations between the measured 
values and the literature values involved Ce anomaly analysis. Ce anomalies were calculated 
using the PAAS normalized values and the following equations: Ce/Ce*=[(2 x Ce)/(La + Nd)] 
and Pr/Pr*=[(2 x Pr)/(Ce + Nd)] (Kowal-Linka et al., 2014).  Data points for runs A, B, and C  
 



















fall within the “positive La, no Ce anomaly” zone, while the data point for Run D fell either in 
the “neither Ce nor La anomaly” zone.  The Durango Chew and Fisher values fell within the 
“positive Ce and La anomaly” zone while the Durango Griffin and Hou values fell within the 
“positive La, no Ce anomaly” zone along with the sample values (Yang et al., 2014).  These 
differences in the Ce anomalies show more variation amongst the literature and measured values 
compared to the spider plots.  When coupled with the matching patterns observed in the REE 
spider plot, the data indicates that the measured values are most closely associated with the 
Durango Griffin and Hou values. 
 
 
Figure 7: Spider plot of Durango REE Trends from the four runs compared to literature values 




















Run A Run B
Run C Run D
Durango Chew Durango Fisher
Durango Griffin Durango Hou
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Figure 8: Ce and La anomaly plot of Durango Samples from the four runs with values collected 
from literature (Yang et al., 2014).  Boundaries define Ce anomaly types (Bau and Dulski, 1996). 
 
7.2 REE Trends  
REE values collected from LA-ICP-MS analysis were normalized to Post-Archean 
Australian Shale (PAAS; Table 3; Nance and Taylor, 1976) to provide a comparative standard 
that is representative of sedimentary rocks and plotted in spider diagrams to determine what 
patterns and trends occur within individual intervals (Figure 4) based on the most prevalent 
species in the Dickeyville section: D. suberectus (Figure 9).  Since the trends observed in the D. 
suberectus REE spider plots are observed in the other three species (P. gracilis, P. 
manitoulinensis, and P. ramosus) and conodont tissues or components (Albid crowns, Hyaline 
crowns, and Basal cavity), the REE spider plots for D. suberectus will represent the temporal 
patterns observed in the Dickeyville section. REE trends in the intervals below the Deicke K-
bentonite exhibit two patterns: a HREE depletion trend in the lowermost intervals (P.14-P.10) 
 25 
 
Figure 9: Spider plot of average D. suberectus REE values normalized to PAAS with vertical lines indicating standard error (Kowal-
Linka et al., 2014).  Following graphs are organized as follows: A) below the Deicke K-bentonite B) between the Deicke and Elkport 
K-bentonite and C) above Elkport K-bentonite.
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and a small MREE bulge trend in the upper P intervals (P.7-P.4). The intervals between the 
Deicke and Elkport K-bentonite (A.1-A.20) continue the MREE bulge trend observed in the 
upper P intervals but more pronounced with LREEs and HREEs relatively equal to each other. 
The intervals above the Elkport K-bentonite (0-4.8m) exhibit a sudden return to the HREE 
deprived trend observed in the lowermost P intervals. 
 
7.3 REE Profiles  
Rare Earth Element profiles (Figure 10) were used to observe continuous trends 
throughout the Dickeyville section. Total REE concentrations in the lowermost intervals below 
the Deicke K-bentonite exhibit low values (approximately 200-300 ppm) while the intervals 
closer to the Deicke K-bentonite show higher values (approximately 600-800 ppm). These high 
values coincide stratigraphically with the Deicke and Millbrig K-bentonites. The high total REE 
values continue in the intervals between the Deicke and Elkport K-bentonites and began to 
decrease dramatically in the intervals closer to the Elkport K-bentonite. In the intervals above the 
Elkport K-bentonite the Total REE concentrations are similar to the lowermost intervals below 
the Deicke K-bentonite (approximately 200-300 ppm). 
The Ce/Ce* values through the overall profile are relatively consistent (approximately 
0.8-0.9) with peaks in the lowermost intervals and intervals closer to the Elkport K-bentonite. 
The Eu/Eu* profile, compared to the Ce/Ce* profile, shows a steady decrease in values (1.4 to 
0.8) through the intervals below the Deicke K-bentonite with a small increase in the transition 
around the Deicke and Millbrig K-bentonite (0.9-1.0). The first major positive increase is in the 
intervals close to the Elkport K-bentonite (similar to the Ce/Ce* profile) that reached maximum 
values of 1.3. Between the first and second positive increase, the Eu/Eu* values return to the   
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Figure 10: REE Profiles for Dickeyville, WI.  The δ13C axis ranges from -2.50 to 2.50‰ in .50 ‰ increments. The Total REE axis 
ranges from 0 to 1000 ppm.  The Ce/Ce* axis ranges from 0.4 to 1.2.  The Eu/Eu* axis ranges from 0.7 to 1.5.  The (La/Sm)N axis 
ranges from 0 to 1.  The (La/Yb)N axis ranges from -2 to 13.  The (Sm/Yb)N axis ranges from -10 to 50.  The Th/La,axis ranges from -
0.7 to 0.8.  The %Clay axis ranges from 0 to 100.  Highlighted areas indicate intervals where REE enrichment from ash beds and high 
clay content.  These intervals are defined by high Total REE, low Eu/Eu*, low (La/Sm)N, low (La/Yb)N, high Th/La, and high % Clay.  
Relative Sea Level profile was constructed based on the lithostratigraphic interpretations outlined by Ludvigson et al. (2004), Kolata 





values observed in the intervals near the Deicke and Millbrig K-bentonites. The second and final 
positive increase in Eu/Eu* values occur in the 3.5m interval. 
The (La/Sm)N profile begins with intermediate to high values (0.6-0.7) that decrease 
through the intervals below the Deicke K-bentonite and levels out at 0.1 through the intervals 
close to the Deicke and Millbrig K-bentonites. The intervals above the Elkport K-bentonite 
exhibit a pronounced increase in values (0.8-1.0) that decreases in the two uppermost intervals. 
The (La/Yb)N profile is similar to the (La/Sm)N profile where intermediate to high values 
(8-10) occur in the lower most intervals only to decrease and level off through the intervals near 
the Deicke and Millbrig K-bentonites. Furthermore, there is also a large increase in values (8-9) 
in the intervals above the Elkport K-bentonite with the two uppermost intervals exhibiting a 
decrease in values (3-4). 
The (Sm/Yb)N profile shows an overall decrease in values upwards through the section 
where the lower most intervals exhibit high values (18-20), the middle intervals have 
intermediate values (10-15), and the uppermost intervals show low values (6-8). 
The Th/La profile shows high variability with alternating low (0.1-0.2) and high values 
(0.4-0.5) throughout the section. 
The % Clay values are low (average value= 3.21%) with the highest values located at 
the base of the Dickeyville section (6.75 to 12.14), just below the Deicke K-bentonite (4.19), 
and between the Millbrig and Elkport K-bentonite (5.10-6.85). 
 
7.4 Ce Anomalies  
To determine if true Ce anomalies occurred and whether they are “true” positive or 
negative, plots were made where Ce/Ce* vs Pr/Pr* plots (figures 11, 12, and 13). These three 
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figures illustrate the intervals below the Deicke K-bentonite, between the Deicke and Elkport K-
bentonites, and above the Elkport K-bentonite.  The plot is divided into zones that reflect specific 
Ce anomalies independent of anomalous La abundances: 3a and 4b indicate positive Ce 
anomalies; 1, 2a, and 2b indicate no Ce anomalies; and 3b and 4a indicate negative Ce anomalies 
(Kowal-Linka et al., 2014; Bau and Dulski, 1996).  These plots were used for both species and 
conodont tissues or components analyzed to assess the types and number of outliers that occur 
within the intervals.  The intervals below the Deicke K-bentonite (Figure 11) show that, despite 
the predominance of negative Ce anomalies (F and G zones), there are a few outliers. In terms of 
species, D. suberectus has an outlier that exhibits no Ce anomaly while P. manitoulinensis has an 
outlier that exhibits a positive Ce anomaly.  In terms of conodont tissues or components, albid 
crowns and hyaline crowns each have a single outlier exhibiting no Ce anomaly and a positive 
Ce anomaly respectively.  Intervals between the Deicke and Elkport K-bentonites (Figure 
12), show the least amount of variation amongst each species and conodont tissues or 
components.  The only two outliers are from P. gracilis and P. manitoulinensis, both of which 
fall within the zones that indicate no Ce anomaly (C, D, and E).  Intervals above the Elkport K-
bentonite (Figure 13), show the most variations amongst each species and conodont tissues or 
components. While there is still a predominance of negative Ce anomalies, the outliers fall 
within the zones indicating no Ce anomaly (C, D, and E). 
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Figure 11: Ce and La anomaly graphs of average values from below the Deicke K-bentonite at Dickeyville, WI with boundaries 
defining the Ce anomaly zones (Bau and Dulski, 1996; Kowal-Linka et al., 2014).  Zones 3a indicates positive Ce anomalies; 4b 
indicates a positive Ce and La anomaly; 1 indicates no Ce and La anomaly; 2a, indicates no Ce and a positive La anomaly; 2b 
indicates no Ce and a negative La anomaly; 3b indicates a negative Ce and positive La anomaly; 4a indicates a negative Ce and La 
anomaly (Bau and Dulski, 1996; Kowal-Linka et al., 2014). 
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Figure 12: Ce and La anomaly graphs of average values from between the Deicke and Elkport K-bentonite  at Dickeyville, WI with 
boundaries defining the Ce anomaly zones (Bau and Dulski, 1996; Kowal-Linka et al., 2014).  Zones 3a indicates positive Ce 
anomalies; 4b indicates a positive Ce and La anomaly; 1 indicates no Ce and La anomaly; 2a, indicates no Ce and a positive La 
anomaly; 2b indicates no Ce and a negative La anomaly; 3b indicates a negative Ce and positive La anomaly; 4a indicates a negative 
Ce and La anomaly (Bau and Dulski, 1996; Kowal-Linka et al., 2014). 
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Figure 13: Ce and La anomaly graphs of average values from above Elkport K-bentonite at Dickeyville, WI with boundaries defining 
the Ce anomaly zones (Bau and Dulski, 1996; Kowal-Linka et al., 2014).  Zones 3a indicates positive Ce anomalies; 4b indicates a 
positive Ce and La anomaly; 1 indicates no Ce and La anomaly; 2a, indicates no Ce and a positive La anomaly; 2b indicates no Ce and 
a negative La anomaly; 3b indicates a negative Ce and positive La anomaly; 4a indicates a negative Ce and La anomaly (Bau and 
Dulski, 1996; Kowal-Linka et al., 2014). 
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Chapter 8. Discussion  
 
8.1 Durango Apatite  
Statistical analysis (Figure 14) shows the degree of precision and accuracy of the 
measured values from the Durango apatite compared to measured values from other studies 
collected by Yang et al. (2014).  In terms of standard deviation (STDV), the average measured 
values show greater variability in the LREEs, particularly with La, Ce and Nd. This trend is the 
same in the standard error (ST Error=STDV/SQRT(# of runs), measured in ppm) values where 
La, Ce, and Nd show anomalously higher values relative to the other REEs. When the measured 
values for each element is compared to a range based on the literature values, each measured 
values falls within the respective range of each element. Furthermore, the literature values for 
La, Ce, and Nd show large variability (e.g. Ce values range from 3635 ppm to 5405 ppm), which 
could be an indication that the Durango Apatite has zones where LREE values vary.  The 
inhomogeneous nature of the Durango apatites were noted by Foster and Vance (2006) and 
Fisher et al. (2011) when Sm/Nd ratios showed variations relative to other measured values 
(Yang et al., 2014).  In terms of REE accuracy, the measured values show higher levels of 
accuracy outside of the LREE values measured, where the range of values is less variable. The 
percent relative standard deviation (%RSD) values were calculated by dividing the STDV by the 
average values for each element measured in ppm.  The %RSD values show low variability, 
which indicates that the measured values have a high degree of precision. The anomalously high 
Phosphorus (P) values are due to the difficulties of measuring P in an ICP-MS due to polyatomic 
interference during the measuring process where molecular ions have the same mass-to-charge as 
the isotope (May and Wiedmeyer, 1998).  Additionally, the use of NIST 612 as the standard 





Figure 14: Statistical analysis of average normalized elemental values from Dickeyville, WI compared to known values from Yang et 
al (2014).  STDV=Standard Deviation, ST=Standard Error, and RSD=Percent Relative Standard Deviation. Highlighted known values 
are closest to the average normalized values. 
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8.2 REE Signal Sources  
Bioapatites within conodont fossils have low concentrations of REEs that are acquired 
hydrogenously (Zhao et al., 2013). This occurs along the sediment-water interface and is defined 
by a low ΣREE and depletion of LREEs; which reflects the REE composition of seawater (Zhao 
et al., 2013; Wright et al., 1987; Lécuyer et al., 1993; Lécuyer et al., 2004). However, when REE 
uptake occurs over an extended period of time, the signature will reflect REE composition of 
sediment porewaters (Zhao et al., 2013; Toyoda and Tokonami, 1990; Pattan et al., 2005). These 
signatures could still be close to seawater values if siliciclastic deposition is not prevalent (Zhao 
et al., 2013; Webb and Kamber, 2000). When siliciclastic deposition is moderate to high, the 
REE signature will reflect a terrigenous REE signature illustrated by high ΣREE and LREE and 
MREE enrichment (Zhao et al., 2013; Sholkovitz and Shen, 1995; Reynard et al., 1999; Bright et 
al., 2009). Y vs La cross plot (Figure 15) of the species and elements analyzed were made to 
determine the REE source for the conodont samples.  The samples plot outside of the limited 
diagenetic uptake of REEs zone with only D. suberectus and albid crowns showing the least 
comparative amount of diagenetic effect that was defined based on analysis by Trotter and 
Eggins (2006). Studies of conodont albid crowns from Meishan and Daxiakou by Zhao et al. 
(2013) showed similar levels of diagenesis.  The majority of samples plots either between the 
modern seawater and upper crustal ratio or favors the upper crustal ratio line similar to the 
Meishan and Daxiakou analysis by Zhao et al. (2013). 
The Y/Ho vs [Th] cross plot (Figure 16) was also used to further evaluate the REE 
contribution of terrigenous material. In terrigenous sediments, Thorium (Th) is high in 
concentration while Yttrium (Y) and Holmium (Ho) is more prevalent in seawater (Zhao et al., 
2013; Zhang et al., 1994). Y/Ho ratios are higher in seawater due to rapid uptake of Ho by
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particulates in the water column (Zhao et al., 2013; Zhang and Nozaki, 1996; Nozaki et al., 
1997).  The plot (Figure 16) shows that the majority of samples fall close to or within the 
terrigenous sediment zone (Zhao et al., 2013; McLennan, 2001).  To further illustrate the 
influence of terrigenous sediments on REE enrichment in the Dickeyville conodonts, a Y/Ho vs 
[La] cross plot (Figure 17) was used similar to the Y/Ho vs [Th] crossplots. The conodont 
samples plot close to the terrigenous sediment source but primarily fall around the 80-90% points 
along the terrigenous input line.  The consistency regardless of interval, species, and conodont 
tissues or components, indicates that terrigenous sediments had a dominant presence in the 
depositional environment at Dickeyville.  Similar trends were observed by other studies where 
high levels of terrigenous influx indicated that the conodont samples were potentially reflective 
of an early diagenetic signature (Chen et al., 2015; Zhao et al., 2013). Based on these 
interpretations, the Dickeyville conodonts exhibit diagenetic uptake of REEs post-deposition that 
was predominantly affected by terrigenous input with the K-bentonites playing a role in the 
adjacent limestone deposits. 
 
8.3 Assessment of Ce Anomalies  
The Ce/Ce* vs Pr/Pr* plots (figures 11-13) used for determining the presence of Ce and 
La anomalies were modeled after the parameters developed by Bau and Dulski (1996) and 
implemented by Kowal-Linka et al., (2014). The benefit of this type of cross plot is that it allows 
for Ce anomaly trends to be interpreted independent of anomalous La abundances (Kowal-Linka 
et al., 2014). The prevalence of negative Ce anomalies throughout the section, regardless of 
species and conodont parts analyzed indicates that the depositional environment for the section 




Figure 15: Y vs La concentration graph of conodont species and elements with dotted lines 
showing the Y/La ratios for modern seawater (Nozaki, 2001) and upper continental crust 
(McLennan, 2001; Zhao et al., 2013). Light blue area indicates limited diagenetic uptake of 





Figure 16: Y/Ho vs Th concentration graph of conodonts species and elements with a solid line 
indicating mixing relationships between seawater and terrigenous sediments (Nozaki, 2001; 
McLennan, 2001; Zhao et al., 2013).  Uses same legend as Figure 15. 
 
with the depleted HREE trends observed in the spider plots. The outliers that exhibit a positive or 
absence of a Ce anomaly are not consistent in terms of species or conodont tissues or 
components and are most common in the intervals above the Elkport K-bentonite.  However, the 
predominance of a “true” negative Ce anomaly in conjunction with the absence of HREE 
enrichment in the spider plots, these outliers are insufficient in number to suggest a difference in 






Figure 17: Y/Ho vs La graph of conodont species and elements with solid line indicating mixing 
relationships between seawater and terrigenous sediments (Nozaki, 2001; McLennan, 2001; 
Zhao et al., 2013).  Uses same legend as Figure 15. 
 
8.4 REE Profiles  
Since the (La/Sm)N and (Sm/Yb)N profiles (Figure 10) exhibit trends less than 0.5 and 
greater than 5 respectively, there is a significant MREE enrichment in the Dickeyville section 
(Zhao et al., 2013). This is due to bioapatites favoring the enrichment of MREEs in conodonts 
(Zhao et al., 2013; Shields and Stille, 2001; Shields and Webb, 2004). The two positive spikes in 
the ΣREE profile (Figure 10) are indicative of volcanic ash layers that resulted in REE 
enrichment (Zhao et al., 2013). This is verified by the same intervals exhibiting corresponding 
low Eu/Eu*, (La/Sm)N, and (La/Yb)N ratios and high (Sm/Yb)N and Th/La ratios (Figure 10; 
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Zhao et al., 2013). These intervals, P.6 and A.13, are closely associated with the Deicke and 
Elkport K-bentonites respectively. These K-bentonites would be responsible for the REE 
enrichment (Zhao et al., 2013). The Eu/Eu* profile provides a useful indicator for the sediment 
provenance, particularly in regards to volcanic sources (Zhao et al., 2013). The intervals near the 
Elkport K-bentonite exhibit values (0.8-1.0) that are commonly associated with a mixing of 
different sources (Zhao et al., 2013). The higher values (>1.0) that occur in the lower intervals 
below Deicke K-bentonite and just below and above the Elkport K-bentonite are indicative of 
magmas from the lower crust or mantle (Zhao et al., 2013).  Due to the high levels of terrigenous 
influx discussed earlier, Ce/Ce* can also be used as an indicator of sediment provenance (Zhao 
et al., 2013). This would mean that the high ratio values (0.8-1.1) are reflective of the REE 
concentrations that were taken up from detrital clays (Zhao et al., 2013).  The extensiveness of 
the high Ce/Ce* values throughout the section suggest that terrigenous flux was consistently 
dominant in Dickeyville. 
 
8.5 Interpretation of REE Patterns  
The sedimentary or diagenetic environment of the Dickeyville conodonts can be 
determined using ratios of LREEs, MREEs, and HREEs (Kowal-Linka et al., 2014). Lanthanum 
(La), Samarium (Sm), and Yttrium (Y) act as proxies for the LREEs, MREEs, and HREEs 
respectively and can be used to determine the depositional environment using a (La/Sm)N vs 
(La/Yb)N cross plot (Figure 18) and zones based on data compiled by Kowal-Linka et al. (2014) 
(Kowal-Linka et al., 2014; Reynard et al., 1999; Hinz and Kohn, 2010; Herwartz et al., 2013).  
The Dickeyville conodonts plot primarily within the “marine environment” and “coastal, shelf, 
and aeolian enviroment” zones (Kowal-Linka et al., 2014; Trueman et al., 2006). However, the 
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prevalence of terrigenous derived REEs makes this interpretation of a coastal or marine 
environment uncertain. Spider plots of REE trends were used to determine what 
paleoceanographic and paleoenvironmental changes occurred through the Dickeyville section.  
 
 
Figure 18: (La/Yb)N vs (La/Sm)N cross plot of conodont species and elements. Zones for “marine 
environments”, “continental environments”, “freshwater environments”, and “Coastal, Shelf, and 
Aeolian environments” are based on data compiled by Kowal-Linka et al. (2014).  Uses same 
legend as Figure 15.
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The REE patterns (figures 4 and 9) show an overall trend from HREE depleted intervals 
in the lowermost intervals below the Deicke K-bentonite, a shift to a MREE bulge prevalent in 
intervals between the Deicke and Elkport K-bentonites, and then return to a HREE depleted 
pattern in the intervals above the Elkport K-bentonite.  In the intervals below the Deicke, there is 
a gradual transition from a HREE depleted pattern towards the MREE bulge pattern observed in 
between the Deicke and Elkport K-bentonites.  This HREE depleted pattern is the inverse of the 
seawater dominated/anoxic zone pattern where HREEs are enriched and is indicative of an influx 
of La-rich sediments of volcanic origin that caused enrichment of LREEs (Chen et al., 2015; 
Lécuyer et al., 1998; Haley et al., 2004; Kim et al., 2012).  The transition from an “HREE 
depleted” to “MREE bulge” trend is interpreted as either REE enrichment from the overlying 
Deicke or early diagenesis (Zhao et al., 2013; Haley et al., 2004).  Following the transition 
period, the intervals between the Deicke and Elkport K-bentonites (the Specht’s Ferry and 
lowermost Guttenberg members) exhibit a pronounced MREE bulge.  Previous explanations for 
this trend have focused on the effects of Fe-Mn oxyhydroxides and/or MREE preferential 
adsorption by phosphates (Chen et al., 2015; Haley et al., 2004; Prakash et al., 2012; Soyol-
Erdene and Huh, 2013; Byrne et al., 1996; Rasmussen et al., 1998; Hannigan and Sholkovitz, 
2001).  Additionally, these trends have been observed in the Meishan and Daxiakou sections 
where ash deposits have caused REE enrichment (Zhao et al., 2013).  The close stratigraphic 
relationship of these intervals (figures 7 and 15) to three different K-bentonite beds (Millbrig, 
Deicke, and Elkport) suggests that this MREE bulge pattern is due to ash-sourced REE 
enrichment (Zhao et al., 2013).  Since iron (Fe) can occur in Fe-containing terrigenous and 
volcanogenic aluminosilicates, the ash deposits (Figure 19) could be the source of the Fe-oxides 
that would scavenge REEs from the water column (Dubinin, 2004; Haley et al., 2004).  The  
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Figure 19: Diagram showing various REE signal sources at the Dickeyville, WI section associated with sediment influx from high 
weathering rates and volcanic ash fall (modified from Zhao et al., 2013 and Kolata et al., 2001).
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extent to which non-volcanically sourced Fe-Mn oxyhydroxides affected MREE enrichment is 
difficult to determine due to the lack of dissolved Fe and Mn measurements and the 
extensiveness of the ash deposits near these intervals. The return to a HREE depleted pattern in 
the Guttenberg and Ion members indicates that sea levels possibly returned to the shallow water 
sea levels observed in the pre-Deicke K-bentonite (Chen et al., 2012; Lécuyer et al., 1998; Chen 
et al., 2015; Byrne and Kim, 1990; Sholkovitz et al., 1994; Tachikawa et al., 1997; Arraes-
Mescoff et al., 2001).  The lack of a HREE enriched pattern throughout the section indicates that 
there was a lack of seawater dominated REE enrichment and a possible absence of anoxia (Chen 
et al., 2015). This would mean that the carbonate platform did not experience significant sea 
level highs to the point where terrigenous sediment influx was completely deprived and replaced 
by REE enrichment via seawater sources (Chen et al., 2015). 
 
8.6 Relationship between REE trends and the GICE  
The stratigraphic column (Figure 4) indicates that there is no correlation between the 
GICE and the temporal changes in REE trends.  The REE trends that occur prior to the GICE 
(Grand Detour, Carimona, and lower Specht’s Ferry members) show a transition from a “HREE 
depleted” trend to a “MREE bulge” trend shows no correlation to the oscillations observed in the 
δ13C curve (McLaughlin et al., 2001).  Immediately prior to the GICE, the δ13C curve exhibits a 
negative excursion that is possibly indicative of a significant eustatic sea level rise (Trenton 
Transgression) that coincides with the M4-M5 sequence boundary (Holland and Patzkowsky, 
1996, Young et al., 2005).  In terms of lithology, the Trenton Transgression is correlative to the 
shale deposits of the Specht’s Ferry Member (McLaughlin et al., 2001).  However, there is no 
relationship between the “MREE bulge” trend observed throughout the Specht’s Ferry Member 
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(Figure 4) and the Trenton Transgression.  This further suggests that REE enrichment occurred 
in these beds due to the comparatively higher levels of clay content within the shale deposits in 
the upper Specht’s Ferry Member and the Millbrig K-bentonite (Figure 10; Zhao et al., 2013).  
Therefore, the Trenton Transgression and the extent of its effects within the Dickeyville section 
cannot be properly determined outside of lithological changes. 
The GICE occurs through the majority of the intervals between the Deicke and 
Elkport K-bentonites and continues into the lower Guttenberg Member.  When compared 
to the REE trends below and above the Elkport K-bentonite, there is no temporal 
relationship since the GICE begins within the intervals where a “MREE bulge” is present 
and ends in the intervals where there is a return to the “HREE depleted” trend.  This 
indicates that the GICE and the lithological and faunal changes associated with it are not 
time correlative with the REE trends.  Since there is REE enrichment from the Elkport K-
bentonite (Figure 10) and no indication of change in the dominance of the terrigenous flux 
(figures 15, 16, and 17) that diagenetically overprinted the samples, the REE trends do not 
reflect a true seawater signal (Zhao et al., 2013; Chen et al., 2015).  Since sea level fall will 
cause weathering rates to increase, it is possible that the high terrigenous flux at 
Dickeyville does not explicitly indicate that these changes were tectonically driven 







Chapter 9. Conclusion  
The sequence prior to the Deicke K-bentonite exhibits an “HREE depleted” pattern, 
which is interpreted as a period where high terrigenous influx from the nearby Precambrian 
shield and Transcontinental Arch was prevalent in the shallow water carbonate platform (Zhao et 
al., 2013; Sholkovitz and Shen, 1995; Reynard et al., 1999; Bright et al., 2009; Chen et al., 2015; 
Holmden et al., 1998; Kump et al., 1999; Pope and Read, 1997; Kolata et al., 2001; Witzke, 
1980).  The transition from an “HREE depleted” to “MREE bulge” trend occurs in the intervals 
closest to the Deicke K-bentonite and is the result of either enrichment from the Deicke or early 
diagenesis (Zhao et al., 2013; Haley et al., 2004).  The fluctuations in the δ13C curve do not show 
any relationship to the REE trends observed in the associated intervals.  
The intervals between the Deicke and Elkport K-bentonites show a pronounced “MREE 
bulge” trend that is possibly due to REE enrichment from the surrounding K-bentonite deposits 
and/or the preferential adsorption of LREEs and HREEs by volcanogenic Fe and Mn 
respectively (Chen et al., 2015; Zhao et al., 2013; Dubinin, 2004; Haley et al., 2004).  The Fe 
and Mn would preferentially adsorb LREEs and HREEs within the sediment porewaters when 
the ash was deposited, which would allow for MREE enrichment within the bioapatite (Chen et 
al., 2015; Prakash et al., 2012; Soyol-Erdene and Huh, 2013; Dubinin, 2004; Haley et al., 
2004).  The negative δ13C excursion observed in the Specht’s Ferry Member, which is 
associated with Trenton Transgression, is lithologically associated with the Specht’s Ferry shales 
but does not show a correlation to the REE trends (McLaughlin et al., 2011). The GICE occurs 
across two different signals with the continuation of the “MREE bulge” trend below and the 
“HREE depleted” trend above the Elkport K-bentonite.  Due to the prevalence of K-bentonite 
deposits and the continuation of high terrigenous influx, this shows that there is no correlation 
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between the GICE and the REE trends.  Furthermore, the distance of Dickeyville relative to the 
Taconic Orogeny makes tectonic activity an unlikely factor (Joy et al., 2000).  Since no true 
seawater signal was present and a lack of observable changes in the depositional environment, 
there is no evidence to suggest that the tectonic activity due to the Taconic Orogeny played a role 
in the changes observed in the Dickeyville section. 
In terms of oxic vs anoxic, the Ce anomalies indicate that the Dickeyville section was an 
oxic environment with little deviation (Chen et al., 2015; Chen et al., 2012).  When coupled with 
the Eu/Eu* profile, Ce/Ce* was also used to determine sediment provenance.  These profiles 
indicate that the sediments from the Specht’s Ferry and Lower Guttenberg members originated 
from a mix of different sources (Zhao et al., 2013). The Grand Detour Member, Carimona 
Member, Upper Guttenberg Member, and Ion Member are interpreted to have sediments 
originating from weathered magmatic deposits (Zhao et al., 2013).  
Future work with REE trends in other sites within the Mohawkian Sea would shed more 
light on the effects of terrigenous influx on REE signals in conodonts. Studying areas deeper 
within the basin might show REE signatures that are more reflective of hydrogenous sources that 
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Appendix: Conodont Data 











Tissue Sample ID La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 
                 
D. sub H.C. P.11 0.53 0.90 1.03 1.07 1.19 1.38 1.35 0.75 0.47 0.39 0.20 0.13 0.08 0.05 
D. sub A.C. P.11 0.62 1.21 1.09 1.27 1.41 1.71 1.59 1.01 0.68 0.44 0.33 0.15 0.11 0.08 
D. sub A.C. P.11 0.52 0.77 0.99 1.07 1.30 1.33 1.29 0.70 0.49 0.33 0.22 0.15 0.07 0.05 














9.49 6.28 3.46 2.10 1.64 






6.59 4.21 2.93 2.04 1.04 0.68 0.55 
P. man H.C. P.11 0.41 0.56 1.03 1.15 1.01 1.44 1.27 0.65 0.45 0.29 0.16 0.08 0.05 0.05 
P. man A.C. P.11 0.31 0.53 0.82 1.00 1.23 1.01 1.01 0.58 0.47 0.21 0.14 0.07 0.06 0.03 
P. man B.C. P.11 1.81 2.83 4.08 5.22 5.41 4.81 5.79 3.57 2.35 1.69 1.12 0.56 0.39 0.33 
D. sub H.C. P.11 0.65 0.95 1.35 1.47 1.42 1.83 1.51 0.98 0.60 0.41 0.24 0.12 0.08 0.05 
D. sub A.C. P.11 0.35 0.52 0.68 0.76 0.97 0.99 0.90 0.57 0.38 0.21 0.16 0.08 0.05 0.03 
D. sub H.C. P.11 0.92 1.33 1.59 1.84 1.84 2.44 1.95 1.20 0.76 0.52 0.33 0.19 0.10 0.07 
D. sub H.C. P.11 0.90 1.22 1.54 1.82 1.82 2.14 1.82 1.01 0.68 0.43 0.32 0.17 0.10 0.08 
D. sub A.C. P.11 0.79 1.31 1.54 1.73 1.73 2.02 1.82 1.06 0.66 0.46 0.28 0.16 0.08 0.07 
D. sub A.C. P.11 0.74 1.12 1.44 1.60 1.70 1.86 1.82 0.98 0.60 0.44 0.29 0.12 0.09 0.07 
 59 
D. sub H.C. P.11 1.30 1.86 2.40 2.48 2.92 4.17 3.00 1.82 1.30 0.91 0.55 0.28 0.19 0.15 
D. sub A.C. P.11 1.14 1.53 1.93 2.00 2.34 3.25 2.32 1.55 0.93 0.64 0.39 0.22 0.13 0.10 
D. sub H.C. P.11 1.34 2.11 2.89 3.48 3.53 5.20 3.56 2.29 1.49 0.91 0.61 0.31 0.17 0.12 
P. grac H.C. P.11 1.65 3.22 4.76 5.46 6.31 5.00 6.01 3.75 2.52 1.75 1.23 0.62 0.42 0.34 
P. grac H.C. P.11 0.95 1.93 2.67 3.01 3.24 2.96 3.28 1.93 1.30 0.86 0.54 0.27 0.16 0.14 
P. grac A.C. P.11 0.43 0.64 0.90 0.96 1.02 1.24 1.08 0.72 0.40 0.29 0.19 0.11 0.05 0.04 
D. sub H.C. P.11 0.42 0.58 0.77 0.83 0.84 1.04 1.00 0.62 0.42 0.29 0.17 0.10 0.05 0.04 
D. sub A.C. P.11 0.26 0.40 0.51 0.59 0.70 0.84 0.73 0.48 0.31 0.22 0.15 0.08 0.05 0.04 
D. sub A.C. P.11 0.19 0.31 0.40 0.42 0.48 0.54 0.56 0.31 0.20 0.15 0.10 0.06 0.03 0.02 
D. sub H.C. P.11 1.06 1.17 1.53 1.46 1.39 1.99 1.55 0.93 0.59 0.45 0.26 0.13 0.12 0.06 
D. sub H.C. P.11 1.19 1.36 1.49 1.51 1.48 2.34 1.70 1.03 0.70 0.46 0.34 0.17 0.12 0.10 
D. sub A.C. P.11 0.94 1.19 1.45 1.68 1.77 1.92 1.80 1.15 0.69 0.47 0.32 0.20 0.11 0.07 
D. sub H.C. P.11 1.08 1.51 2.33 2.39 3.10 3.26 2.94 1.71 1.24 0.73 0.46 0.20 0.14 0.11 
D. sub A.C. P.11 0.67 0.99 2.04 1.80 2.02 2.01 2.12 1.14 0.80 0.48 0.35 0.16 0.09 0.08 
D. sub A.C. P.11 0.81 1.37 2.20 2.18 2.59 2.76 2.42 1.54 1.04 0.62 0.41 0.19 0.13 0.09 
  D. sub 0.78 1.13 1.48 1.59 1.74 2.14 1.80 1.09 0.72 0.47 0.31 0.16 0.10 0.07 






6.60 4.30 3.06 2.06 1.10 0.68 0.54 
  P. man 0.84 1.30 1.97 2.46 2.55 2.42 2.69 1.60 1.09 0.73 0.48 0.24 0.16 0.14 
  STDEV 
(D. sub) 
0.33 0.45 0.65 0.71 0.79 1.12 0.76 0.48 0.33 0.20 0.13 0.06 0.04 0.03 










7.82 5.10 3.73 2.46 1.37 0.83 0.64 
  STDEV 
(P. man.) 
0.84 1.32 1.82 2.39 2.48 2.08 2.69 1.70 1.09 0.83 0.56 0.28 0.19 0.17 
  SE (D. 
sub) 
0.10 0.14 0.20 0.21 0.24 0.34 0.23 0.14 0.10 0.06 0.04 0.02 0.01 0.01 
  SE (P. 
grac) 
1.75 2.94 4.61 5.78 6.04 4.45 5.87 3.50 2.28 1.67 1.10 0.61 0.37 0.29 
 60 
  SE (P. 
man) 
0.48 0.76 1.05 1.38 1.43 1.20 1.55 0.98 0.63 0.48 0.32 0.16 0.11 0.10 
                 
D. sub H.C. P.14 0.62 0.85 0.86 0.96 0.95 1.40 1.18 0.70 0.50 0.35 0.25 0.19 0.10 0.09 
D. sub H.C. P.14 0.26 0.27 0.37 0.39 0.42 0.56 0.45 0.23 0.21 0.17 0.10 0.07 0.03 0.03 
D. sub A.C. P.14 0.35 0.39 0.61 0.62 0.59 0.88 0.65 0.50 0.32 0.24 0.15 0.08 0.06 0.05 
D. sub A.C. P.14 0.87 0.85 0.96 0.94 1.03 1.52 1.20 0.67 0.43 0.32 0.23 0.15 0.07 0.06 
D. sub B.C. P.14 0.88 1.01 1.28 1.40 1.46 2.29 1.65 0.87 0.63 0.37 0.29 0.17 0.10 0.07 
D. sub B.C. P.14 0.97 1.14 1.42 1.59 1.64 2.69 1.87 1.10 0.69 0.52 0.35 0.19 0.14 0.08 
D. sub H.C. P.14 0.95 0.91 1.18 1.03 1.05 1.94 1.17 0.65 0.48 0.41 0.29 0.11 0.10 0.07 
D. sub A.C. P.14 1.04 1.29 1.51 1.30 1.44 2.09 1.61 0.94 0.60 0.48 0.37 0.24 0.15 0.13 
D. sub A.C. P.14 0.54 0.52 0.61 0.65 0.75 1.00 0.73 0.46 0.29 0.24 0.16 0.11 0.07 0.05 
D. sub H.C. P.14 0.92 1.08 1.93 1.56 1.66 2.78 1.72 1.11 0.96 0.76 0.52 0.40 0.21 0.19 
D. sub H.C. P.14 0.53 0.64 0.70 0.79 0.90 1.22 0.91 0.59 0.52 0.33 0.24 0.17 0.10 0.08 
D. sub A.C. P.14 0.45 0.51 1.03 0.84 0.90 1.20 1.07 0.72 0.52 0.39 0.30 0.16 0.10 0.07 
D. sub A.C. P.14 0.25 0.26 0.36 0.37 0.50 0.61 0.55 0.32 0.25 0.16 0.12 0.08 0.04 0.04 
D. sub H.C. P.14 0.62 1.09 0.95 0.85 0.94 1.36 0.94 0.76 0.46 0.29 0.26 0.16 0.09 0.10 
D. sub B.C. P.14 0.71 0.77 1.00 1.06 1.08 1.78 1.18 0.70 0.43 0.33 0.21 0.14 0.07 0.07 
D. sub A.C. P.14 0.71 0.72 0.92 0.77 0.75 1.34 1.07 0.50 0.40 0.27 0.19 0.11 0.08 0.04 
D. sub H.C. P.14 0.93 0.87 0.94 1.02 1.00 1.56 1.07 0.61 0.40 0.29 0.20 0.13 0.07 0.05 
D. sub H.C. P.14 1.11 0.97 1.35 1.22 1.20 1.97 1.33 0.77 0.48 0.37 0.24 0.14 0.09 0.07 
D. sub H.C. P.14 0.76 0.67 0.79 1.06 0.80 1.30 1.00 0.63 0.31 0.22 0.16 0.08 0.06 0.05 
D. sub A.C. P.14 0.61 0.60 0.76 0.96 0.81 1.26 0.93 0.46 0.31 0.26 0.16 0.11 0.06 0.05 
D. sub A.C. P.14 0.63 0.72 1.33 0.94 0.99 1.46 1.02 0.72 0.40 0.29 0.19 0.12 0.07 0.06 
D. sub H.C. P.14 1.31 1.31 1.54 1.89 1.82 2.44 1.82 1.10 0.83 0.58 0.39 0.24 0.15 0.12 
D. sub H.C. P.14 0.87 0.98 1.29 1.17 1.06 1.79 1.27 0.64 0.47 0.33 0.19 0.10 0.06 0.06 
D. sub A.C. P.14 0.53 0.59 0.65 0.74 0.68 1.02 0.85 0.49 0.34 0.20 0.16 0.07 0.05 0.03 
D. sub H.C. P.14 0.60 0.78 0.63 0.78 0.78 1.16 0.92 0.59 0.38 0.29 0.21 0.11 0.07 0.06 
 61 
D. sub A.C. P.14 0.45 0.43 0.92 0.60 0.64 1.00 0.88 0.53 0.31 0.22 0.16 0.09 0.07 0.05 
D. sub A.C. P.14 0.32 0.33 0.45 0.47 0.52 0.72 0.63 0.33 0.23 0.19 0.10 0.05 0.02 0.03 
D. sub H.C. P.14 0.34 0.35 0.44 0.74 0.60 0.92 0.70 0.45 0.26 0.22 0.15 0.08 0.07 0.06 
P. man A.C. P.14 0.12 0.12 0.14 0.26 0.41 0.37 0.30 0.23 0.17 0.12 0.09 0.05 0.02 0.03 
P. man A.C. P.14 0.23 0.28 0.27 0.44 0.42 0.53 0.51 0.29 0.22 0.19 0.12 0.10 0.05 0.05 
  D. sub 0.68 0.75 0.96 0.95 0.96 1.47 1.09 0.65 0.44 0.32 0.23 0.14 0.08 0.07 
  P. man 0.18 0.20 0.21 0.35 0.42 0.45 0.41 0.26 0.19 0.15 0.11 0.08 0.04 0.04 
  STDEV 
(D. sub) 
0.27 0.30 0.39 0.36 0.36 0.60 0.38 0.23 0.18 0.13 0.09 0.07 0.04 0.03 
  STDEV 
(P. man) 
0.08 0.11 0.09 0.13 0.00 0.11 0.15 0.04 0.04 0.05 0.02 0.03 0.02 0.02 
  SE (D. 
sub) 
0.05 0.06 0.07 0.07 0.07 0.11 0.07 0.04 0.03 0.03 0.02 0.01 0.01 0.01 
  SE (P. 
man) 
0.05 0.08 0.06 0.09 0.00 0.08 0.11 0.03 0.03 0.04 0.02 0.02 0.02 0.01 
                 
D. sub H.C. A.18 0.68 1.50 3.23 3.39 3.69 4.05 3.58 2.65 2.19 1.60 1.16 0.67 0.37 0.29 
D. sub H.C. A.18 0.76 2.42 3.73 4.51 4.94 5.29 4.81 3.80 3.02 2.21 1.64 0.95 0.55 0.36 
D. sub A.C. A.18 0.54 1.36 2.49 3.04 3.48 3.43 3.37 2.48 2.09 1.56 1.15 0.64 0.39 0.31 
P. man H.C. A.18 1.41 3.19 5.97 7.23 8.43 7.13 8.41 6.50 5.45 4.43 3.44 2.25 1.34 1.12 
P. man A.C. A.18 0.53 1.23 2.23 2.92 3.32 3.00 3.09 2.43 1.90 1.39 1.03 0.65 0.38 0.28 
P. man A.C. A.18 0.52 1.39 1.90 2.24 2.63 2.93 2.51 1.95 1.62 1.27 0.82 0.50 0.28 0.26 
D. sub H.C. A.18 0.97 2.88 5.18 6.37 7.59 7.71 6.67 5.56 4.27 3.29 2.32 1.51 0.87 0.62 
D. sub A.C. A.18 0.82 2.27 4.30 5.69 7.26 6.50 5.99 4.64 3.82 2.77 1.93 1.19 0.67 0.48 
D. sub A.C. A.18 0.97 2.86 5.24 5.81 6.52 6.94 6.31 4.84 4.83 2.97 2.04 1.31 0.85 0.57 
D. sub H.C. A.18 1.07 2.86 5.75 7.23 8.85 7.27 7.83 6.38 5.32 3.97 2.84 1.86 1.04 0.83 
D. sub H.C. A.18 1.03 3.05 6.09 7.99 9.98 6.70 9.14 7.51 6.32 4.84 3.80 2.47 1.40 1.14 
D. sub A.C. A.18 0.24 0.59 1.22 1.42 1.93 1.97 1.68 1.27 1.10 0.81 0.57 0.40 0.23 0.19 
D. sub H.C. A.18 1.28 3.29 6.21 7.52 8.86 8.40 8.22 6.54 5.19 3.88 2.86 1.76 1.04 0.76 
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D. sub H.C. A.18 1.29 3.43 6.10 7.37 8.02 9.67 7.77 6.16 4.85 3.78 2.71 1.67 0.97 0.75 
D. sub A.C. A.18 1.16 2.89 4.84 5.99 6.49 7.82 6.27 4.74 3.78 2.80 2.14 1.29 0.75 0.58 










8.59 6.39 4.47 2.64 2.06 








9.49 7.47 5.54 3.65 2.39 1.86 






9.65 7.95 6.05 4.48 3.00 1.88 1.42 
P. grac A.C. A.18 0.97 2.94 5.46 7.29 8.79 7.02 8.03 6.34 5.09 3.82 2.85 1.70 1.10 0.87 




8.41 6.92 5.23 3.93 2.64 1.57 1.19 




8.44 7.03 5.22 3.95 2.62 1.53 1.30 
P. grac A.C. A.18 0.91 2.76 5.27 6.67 7.96 7.56 6.93 5.72 4.32 3.22 2.36 1.41 0.80 0.60 




8.79 7.24 5.19 3.99 2.69 1.60 1.21 








8.38 6.61 4.88 3.36 2.02 1.66 
D. sub A.C. A.18 0.72 2.06 3.93 5.02 6.07 6.19 5.54 4.37 3.38 2.47 1.64 1.07 0.58 0.39 
D. sub A.C. A.18 0.71 2.05 4.02 5.04 6.05 6.14 5.56 4.29 3.42 2.41 1.65 1.04 0.62 0.43 
D. sub A.C. A.18 0.90 2.71 5.03 6.55 8.40 8.45 7.21 5.67 4.47 3.14 2.19 1.28 0.77 0.59 
P. grac A.C. A.18 0.44 0.90 2.04 1.83 2.40 2.59 2.42 1.86 1.52 1.34 0.98 0.67 0.40 0.37 
P. grac A.C. A.18 0.17 0.39 0.71 1.04 1.14 1.14 1.13 0.97 0.71 0.58 0.46 0.30 0.19 0.14 
P. grac A.C. A.18 0.77 1.87 3.37 4.07 4.94 5.37 4.98 3.75 3.01 2.43 1.79 1.14 0.67 0.47 
  D. sub 0.95 2.67 5.09 6.47 7.95 7.04 7.26 5.83 4.79 3.59 2.61 1.68 1.00 0.76 
  P. grac 0.89 2.53 5.09 6.56 8.16 5.96 7.44 6.03 4.91 3.74 2.80 1.84 1.10 0.87 
  P. man 0.82 1.94 3.37 4.13 4.79 4.35 4.67 3.63 2.99 2.36 1.76 1.13 0.67 0.55 
  STDEV 
(D. sub) 
0.31 0.93 1.90 2.77 3.89 2.33 3.49 3.01 2.52 2.03 1.54 1.08 0.67 0.53 
  STDEV 
(P. grac) 
0.37 1.20 2.51 3.48 4.42 2.45 3.87 3.23 2.72 2.01 1.51 1.04 0.62 0.51 
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  STDEV 
(P. man) 
0.51 1.09 2.26 2.70 3.17 2.41 3.25 2.50 2.13 1.79 1.45 0.97 0.59 0.49 
  SE (D. 
sub) 
0.07 0.22 0.45 0.65 0.92 0.55 0.82 0.71 0.59 0.48 0.36 0.25 0.16 0.13 
  SE (P. 
grac) 
0.12 0.40 0.84 1.16 1.47 0.82 1.29 1.08 0.91 0.67 0.50 0.35 0.21 0.17 
  SE (P. 
man) 
0.29 0.63 1.30 1.56 1.83 1.39 1.88 1.44 1.23 1.03 0.84 0.56 0.34 0.28 
                 
D. sub H.C. P.10 1.15 1.42 1.63 1.62 1.75 2.37 1.87 1.07 0.72 0.46 0.31 0.19 0.11 0.09 
D. sub A.C. P.10 1.07 1.42 1.64 1.68 1.80 2.07 1.89 1.06 0.69 0.47 0.32 0.15 0.10 0.07 
D. sub A.C. P.10 1.02 1.33 1.66 1.71 1.82 2.15 1.91 1.18 0.72 0.47 0.31 0.15 0.10 0.08 
P. grac A.C. P.10 0.64 1.21 1.52 1.95 2.41 2.46 2.32 1.59 1.30 0.83 0.63 0.40 0.26 0.21 
P. grac A.C. P.10 0.52 0.82 1.51 1.47 1.73 1.78 2.06 1.33 0.90 0.64 0.48 0.34 0.21 0.15 
P. grac A.C. P.10 0.62 0.95 1.81 1.56 2.11 2.02 2.00 1.49 1.09 0.83 0.54 0.39 0.24 0.21 
P. man H.C. P.10 0.61 1.02 1.47 2.15 1.96 2.18 2.23 1.27 0.83 0.59 0.38 0.20 0.13 0.12 
P. man A.C. P.10 0.47 0.77 1.81 1.31 2.05 1.94 1.43 1.21 0.60 0.39 0.25 0.15 0.07 0.06 
P. man A.C. P.10 0.42 0.55 0.66 1.00 1.17 1.08 1.50 0.70 0.56 0.34 0.22 0.14 0.07 0.05 
P. grac A.C. P.10 0.08 0.14 0.14 0.13 0.18 0.20 0.25 0.16 0.10 0.13 0.05 0.04 0.01 0.01 
P. grac A.C. P.10 0.17 0.25 0.43 0.35 0.46 0.50 0.46 0.31 0.23 0.15 0.09 0.04 0.02 0.02 
P. grac H.C. P.10 0.52 0.77 1.08 1.30 1.37 1.49 1.39 0.94 0.60 0.39 0.25 0.11 0.08 0.06 
D. sub A.C. P.10 0.84 1.49 2.25 2.48 3.35 3.16 2.96 1.95 1.32 0.84 0.53 0.30 0.16 0.12 
D. sub A.C. P.10 0.62 1.17 1.74 1.73 2.10 2.13 2.19 1.29 0.87 0.49 0.30 0.14 0.08 0.07 
D. sub A.C. P.10 0.52 0.87 1.38 1.48 1.87 1.73 1.79 1.15 0.70 0.43 0.27 0.14 0.07 0.04 
D. sub H.C. P.10 1.25 1.60 2.15 2.63 2.38 3.26 2.40 1.50 1.12 0.68 0.54 0.29 0.17 0.14 
D. sub A.C. P.10 1.22 1.67 2.04 2.27 2.74 3.74 2.85 1.91 1.39 0.94 0.67 0.42 0.26 0.24 
D. sub A.C. P.10 1.26 1.44 1.87 1.81 2.25 2.97 2.53 1.52 1.07 0.80 0.57 0.29 0.23 0.19 
P. man H.C. P.10 0.57 0.87 1.27 1.50 1.84 1.73 1.74 1.10 0.65 0.48 0.32 0.17 0.09 0.08 
P. man A.C. P.10 0.64 1.14 2.38 1.36 1.62 1.83 1.67 1.06 0.71 0.50 0.35 0.25 0.15 0.12 
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P. man A.C. P.10 0.69 1.88 1.44 1.56 1.89 2.13 1.97 1.40 0.79 0.50 0.45 0.22 0.10 0.08 
D. sub A.C. P.10 1.10 1.62 2.37 2.73 3.24 3.26 3.39 1.90 1.35 0.91 0.53 0.34 0.20 0.18 
D. sub A.C. P.10 0.81 1.85 2.16 2.34 2.70 2.86 2.70 1.73 1.20 0.74 0.48 0.31 0.18 0.09 
D. sub A.C. P.10 0.68 1.11 1.73 1.94 2.47 2.31 2.25 1.38 0.89 0.59 0.35 0.17 0.10 0.09 
D. sub A.C. P.10 0.09 0.13 0.25 0.23 0.31 0.33 0.32 0.22 0.16 0.14 0.07 0.08 0.03 0.03 
D. sub H.C. P.10 0.10 0.15 0.18 0.18 0.25 0.25 0.22 0.15 0.09 0.06 0.05 0.03 0.01 0.01 
D. sub H.C. P.10 1.02 1.65 2.24 2.45 3.01 3.77 3.05 1.80 1.35 0.93 0.66 0.37 0.22 0.17 
D. sub H.C. P.10 1.06 1.72 2.36 2.68 3.26 3.82 3.28 2.31 1.52 0.98 0.70 0.47 0.28 0.26 
D. sub A.C. P.10 0.81 1.23 1.89 2.06 2.63 2.55 2.53 1.71 1.09 0.78 0.55 0.35 0.22 0.20 
  D. sub 0.86 1.29 1.74 1.88 2.23 2.51 2.24 1.40 0.95 0.63 0.42 0.25 0.15 0.12 
  P. grac 0.42 0.69 1.08 1.13 1.38 1.41 1.41 0.97 0.70 0.49 0.34 0.22 0.14 0.11 
  P. man 0.57 1.04 1.50 1.48 1.76 1.81 1.76 1.12 0.69 0.47 0.33 0.19 0.10 0.08 
  STDEV 
(D. sub) 
0.36 0.50 0.64 0.75 0.90 1.05 0.89 0.58 0.41 0.27 0.20 0.13 0.08 0.07 
  STDEV 
(P. grac) 
0.24 0.41 0.67 0.72 0.90 0.88 0.88 0.61 0.48 0.32 0.25 0.17 0.11 0.09 
  STDEV 
(P. man) 
0.10 0.46 0.57 0.38 0.32 0.40 0.30 0.24 0.11 0.09 0.09 0.04 0.03 0.03 
  SE (D. 
sub) 
0.09 0.12 0.16 0.18 0.22 0.26 0.22 0.14 0.10 0.07 0.05 0.03 0.02 0.02 
  SE(P. 
grac) 
0.10 0.17 0.27 0.30 0.37 0.36 0.36 0.25 0.20 0.13 0.10 0.07 0.05 0.04 
  SE (P. 
man) 
0.04 0.19 0.23 0.16 0.13 0.16 0.12 0.10 0.04 0.04 0.03 0.02 0.01 0.01 
                 
D. sub H.C. P.13 1.32 1.63 1.91 2.03 2.16 3.23 2.25 1.21 0.78 0.62 0.38 0.19 0.13 0.09 
D. sub H.C. P.13 1.01 0.98 1.52 1.15 1.35 1.72 1.24 0.92 0.60 0.40 0.30 0.14 0.10 0.08 
D. sub A.C. P.13 0.88 0.84 1.01 0.95 1.17 1.41 1.18 0.66 0.45 0.34 0.22 0.11 0.07 0.06 
D. sub H.C. P.13 0.61 0.59 1.10 0.65 0.90 1.13 1.05 0.51 0.39 0.29 0.19 0.11 0.06 0.06 
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D. sub H.C. P.13 0.77 1.13 1.14 1.06 1.15 1.72 1.31 0.72 0.57 0.37 0.26 0.18 0.10 0.06 
D. sub A.C. P.13 0.65 0.74 1.16 0.94 0.83 1.09 1.12 0.51 0.44 0.28 0.18 0.09 0.07 0.07 
D. sub A.C. P.13 0.15 0.40 0.23 0.26 0.30 0.35 0.34 0.19 0.13 0.10 0.07 0.03 0.02 0.02 
D. sub A.C. P.13 0.15 0.26 0.26 0.28 0.27 0.37 0.30 0.21 0.12 0.08 0.07 0.02 0.02 0.01 
D. sub A.C. P.13 0.58 0.35 0.33 0.46 0.38 0.52 0.53 0.39 0.16 0.14 0.08 0.05 0.03 0.03 
D. sub H.C. P.13 1.20 1.58 1.59 1.68 1.68 2.68 1.95 1.05 0.70 0.43 0.33 0.21 0.11 0.09 
D. sub H.C. P.13 1.31 1.38 1.69 1.83 1.84 2.66 2.02 1.15 0.79 0.53 0.33 0.17 0.09 0.08 
D. sub H.C. P.13 1.25 1.41 1.63 1.95 1.77 2.65 1.91 0.97 0.73 0.40 0.32 0.15 0.10 0.08 
P. man H.C. P.13 0.26 0.25 0.27 0.32 0.30 0.69 0.43 0.26 0.18 0.09 0.07 0.05 0.03 0.02 
P. man A.C. P.13 0.14 0.15 0.31 0.20 0.23 0.33 0.28 0.23 0.12 0.08 0.07 0.03 0.02 0.02 
P. man A.C. P.13 0.16 0.29 0.28 0.24 0.41 0.46 0.45 0.23 0.21 0.14 0.09 0.07 0.04 0.04 
D. sub A.C. P.13 0.30 0.41 0.61 0.55 0.85 0.94 0.88 0.66 0.44 0.42 0.32 0.19 0.12 0.10 
D. sub A.C. P.13 0.42 0.73 0.74 0.71 0.90 1.01 1.03 0.62 0.56 0.38 0.34 0.19 0.13 0.10 
D. sub H.C. P.13 0.37 0.74 0.68 0.94 0.99 1.36 1.24 0.53 0.48 0.42 0.31 0.14 0.10 0.09 
P. grac H.C. P.13 0.91 1.12 2.02 1.86 1.75 2.06 1.97 1.25 0.80 0.63 0.47 0.20 0.15 0.14 
P. grac H.C. P.13 0.34 0.55 0.43 0.41 0.46 0.71 0.57 0.28 0.21 0.14 0.10 0.06 0.03 0.02 
P. grac A.C. P.13 0.25 0.38 0.37 0.35 0.48 0.53 0.44 0.23 0.20 0.17 0.10 0.06 0.04 0.03 
P. grac H.C. P.13 1.02 1.32 1.91 2.45 2.70 2.24 2.98 1.52 1.13 0.79 0.60 0.27 0.26 0.20 
P. grac H.C. P.13 0.58 1.04 0.76 0.86 1.01 1.16 1.03 0.63 0.45 0.38 0.29 0.15 0.09 0.07 
P. grac H.C. P.13 0.26 0.72 0.52 0.62 0.61 0.73 0.84 0.36 0.29 0.18 0.13 0.08 0.04 0.04 
D. sub A.C. P.13 0.29 0.48 0.41 0.55 0.56 0.72 0.58 0.39 0.29 0.22 0.16 0.07 0.06 0.04 
D. sub A.C. P.13 0.47 0.53 0.83 1.09 0.83 1.11 0.94 0.50 0.35 0.27 0.21 0.12 0.08 0.06 
D. sub A.C. P.13 0.45 0.45 0.46 0.48 0.56 0.61 0.73 0.36 0.28 0.24 0.14 0.09 0.05 0.03 
D. sub A.C. P.13 0.58 0.62 0.79 0.79 0.81 1.14 1.03 0.56 0.38 0.25 0.18 0.07 0.04 0.03 
D. sub A.C. P.13 0.64 0.69 0.78 0.94 0.92 1.21 1.05 0.52 0.37 0.28 0.19 0.10 0.05 0.05 
D. sub H.C. P.13 0.74 0.97 0.91 0.89 0.97 1.31 1.20 0.59 0.41 0.28 0.16 0.10 0.05 0.04 
  D. sub 0.67 0.81 0.94 0.96 1.01 1.38 1.14 0.63 0.45 0.32 0.23 0.12 0.07 0.06 
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  P. grac 0.56 0.85 1.00 1.09 1.17 1.24 1.31 0.71 0.51 0.38 0.28 0.14 0.10 0.08 
  P. man 0.19 0.23 0.29 0.25 0.31 0.49 0.39 0.24 0.17 0.10 0.08 0.05 0.03 0.02 
  STDEV 
(D. sub) 
0.37 0.41 0.50 0.52 0.51 0.81 0.53 0.29 0.20 0.13 0.10 0.06 0.03 0.03 
  STDEV 
(P. grac) 
0.34 0.36 0.76 0.86 0.90 0.74 0.98 0.55 0.38 0.27 0.21 0.09 0.09 0.07 
  STDEV 
(P. man) 
0.06 0.07 0.02 0.06 0.09 0.18 0.09 0.02 0.04 0.03 0.02 0.02 0.01 0.01 
  SE (D. 
sub) 
0.08 0.09 0.11 0.11 0.11 0.18 0.12 0.06 0.04 0.03 0.02 0.01 0.01 0.01 
  SE (P. 
grac) 
0.14 0.15 0.31 0.35 0.37 0.30 0.40 0.22 0.15 0.11 0.09 0.04 0.04 0.03 
  SE (P. 
man) 
0.04 0.04 0.01 0.03 0.05 0.10 0.05 0.01 0.03 0.02 0.01 0.01 0.01 0.01 
                 










8.76 6.68 4.70 3.21 1.81 1.49 






9.78 7.99 5.72 4.07 2.67 1.55 1.10 






8.33 6.77 4.56 3.33 1.92 1.11 0.82 










9.76 7.08 5.24 3.19 1.97 1.53 










9.53 6.91 4.79 3.06 1.88 1.51 










8.85 6.16 4.53 2.79 1.77 1.30 




8.29 6.45 4.62 3.23 1.93 1.17 0.85 
P. grac H.C. A.13 0.88 2.76 5.79 7.88 11.2
3 
9.46 9.38 7.55 6.05 4.07 2.90 1.78 1.10 0.83 
P. grac A.C. A.13 0.81 2.63 5.47 7.52 10.1
8 
8.81 8.67 6.90 5.38 3.76 2.66 1.57 0.94 0.70 
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8.93 7.35 5.85 4.12 2.98 1.84 1.05 0.82 
D. sub H.C. A.13 0.81 2.50 4.56 6.52 8.61 8.27 7.75 6.24 4.59 3.31 2.35 1.32 0.76 0.54 
D. sub A.C. A.13 0.87 2.19 4.89 6.55 9.41 8.89 7.83 6.10 4.96 3.30 2.29 1.36 0.79 0.59 










9.06 6.42 4.77 3.01 1.73 1.44 










9.34 6.33 4.74 2.99 1.84 1.44 






9.55 7.31 5.30 3.72 2.35 1.38 1.00 










8.78 6.06 4.32 2.59 1.62 1.26 










8.85 6.18 4.46 2.86 1.71 1.31 










8.08 5.61 4.05 2.47 1.53 1.05 










9.74 6.89 5.19 3.51 2.09 1.61 










8.63 6.21 4.53 2.91 1.86 1.43 






8.55 6.15 4.46 3.06 1.84 1.43 






9.17 7.39 5.22 3.75 2.35 1.48 1.04 










9.00 6.34 4.74 3.14 1.99 1.52 








8.44 5.96 4.46 2.82 1.82 1.42 










9.02 6.33 4.67 3.01 1.85 1.42 






8.42 6.86 4.77 3.58 2.20 1.43 1.07 
D. sub H.C. A.13 1.26 3.43 7.38 11.3 16.4 9.61 13.9 11.6 9.38 6.85 5.16 3.41 2.04 1.64 
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9.17 6.65 4.95 3.33 2.02 1.59 










8.57 5.94 4.49 2.86 1.76 1.31 












7.56 5.75 3.73 2.37 1.85 










8.28 5.87 4.30 2.74 1.67 1.28 
  P. grac 0.89 2.81 5.79 7.98 11.0
9 
9.31 9.44 7.58 5.96 4.15 2.93 1.76 1.07 0.79 
  STDEV 
(D. sub) 
0.15 0.44 0.97 1.51 2.39 1.59 1.93 1.71 1.42 1.07 0.83 0.61 0.39 0.32 
  STDEV 
(P. grac) 
0.08 0.20 0.32 0.52 0.85 0.44 0.81 0.70 0.54 0.43 0.29 0.18 0.12 0.08 
  SE (D. 
sub) 
0.03 0.08 0.19 0.29 0.46 0.31 0.37 0.33 0.27 0.21 0.16 0.12 0.07 0.06 
  SE (P. 
grac) 
0.04 0.12 0.18 0.30 0.49 0.26 0.47 0.40 0.31 0.25 0.17 0.10 0.07 0.05 
 
Run B 
Species Element Sample 
ID 
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 
                 
D. sub A.C. P.6 1.21 3.15 6.66 8.64 12.38 8.73 10.99 8.07 5.81 3.67 2.55 1.42 0.78 0.62 
D. sub A.C. P.6 1.28 3.47 7.11 9.41 13.19 9.03 11.37 8.66 6.22 3.97 2.72 1.50 0.80 0.69 
D. sub H.C. P.6 1.45 3.96 8.06 10.71 14.47 9.45 13.18 9.88 7.03 4.50 3.11 1.65 0.94 0.75 
P. grac H.C. P.6 0.96 2.15 3.81 4.50 5.87 5.27 5.60 3.71 2.46 1.51 1.01 0.44 0.24 0.21 
P. grac H.C. P.6 0.89 1.93 3.50 4.38 6.02 5.12 5.49 3.62 2.41 1.46 0.91 0.39 0.21 0.16 
P. grac H.C. P.6 0.82 1.81 3.09 4.00 5.14 4.51 4.70 3.14 2.10 1.33 0.83 0.35 0.20 0.14 
D. sub H.C. P.6 1.81 4.80 8.95 11.74 15.55 8.94 13.43 10.22 7.67 4.88 3.40 1.86 1.12 1.02 
 69 
D. sub A.C. P.6 1.82 4.96 9.31 12.15 16.18 9.22 14.25 10.76 8.14 5.26 3.65 2.08 1.09 0.97 
D. sub A.C. P.6 1.85 4.85 9.18 12.01 16.68 9.78 14.74 10.89 8.16 5.24 3.68 2.03 1.12 1.03 
D. sub H.C. P.6 1.06 2.74 4.87 6.34 8.59 9.44 7.81 5.68 4.04 2.59 1.68 0.85 0.44 0.41 
D. sub H.C. P.6 0.97 2.42 4.36 5.52 7.46 8.49 6.78 4.84 3.50 2.22 1.43 0.72 0.36 0.34 
D. sub A.C. P.6 1.04 2.59 4.60 5.99 7.82 8.30 6.80 4.86 3.48 2.22 1.43 0.80 0.41 0.36 
D. sub H.C. P.6 1.41 3.82 7.51 9.29 12.49 10.19 11.20 8.18 5.98 3.84 2.58 1.35 0.63 0.56 
D. sub H.C. P.6 1.34 3.48 6.32 8.41 11.10 9.79 10.02 7.12 5.09 3.36 2.21 1.20 0.58 0.56 
D. sub A.C. P.6 1.38 3.96 6.60 8.91 11.71 10.74 10.71 7.44 5.51 3.38 2.15 1.13 0.51 0.48 
D. sub H.C. P.6 1.37 3.86 7.12 9.62 12.88 10.62 11.12 8.44 5.83 3.81 2.42 1.34 0.65 0.60 
D. sub A.C. P.6 1.32 3.58 6.96 9.17 12.16 10.01 10.49 7.71 5.62 3.63 2.41 1.32 0.62 0.55 
D. sub A.C. P.6 1.28 3.62 7.06 9.26 12.04 10.30 10.79 7.66 5.83 3.67 2.48 1.35 0.63 0.63 
D. sub B.C. P.6 1.49 4.10 7.10 9.94 13.57 10.28 12.51 8.90 6.69 4.31 2.85 1.53 0.77 0.73 
D. sub H.C. P.6 1.37 3.71 6.80 9.62 12.86 11.77 11.93 8.80 6.37 4.05 2.65 1.33 0.74 0.65 
D. sub A.C. P.6 1.38 3.67 6.72 9.03 12.54 11.76 11.01 8.23 6.11 3.86 2.55 1.37 0.73 0.65 
D. sub H.C. P.6 0.99 2.25 3.85 4.81 6.09 6.84 5.69 3.70 2.50 1.44 0.96 0.46 0.27 0.23 
D. sub A.C. P.6 0.77 1.84 3.10 3.85 5.08 5.33 4.85 3.13 2.12 1.31 0.83 0.39 0.22 0.21 
D. sub A.C. P.6 0.62 1.37 2.16 2.75 3.57 3.34 3.37 2.25 1.50 0.89 0.59 0.28 0.15 0.16 
P. grac H.C. P.6 1.84 4.43 7.57 9.65 13.60 10.67 12.21 8.89 6.71 4.44 3.04 1.80 1.26 0.94 
P. grac H.C. P.6 1.99 4.86 7.38 9.41 13.19 11.67 11.74 8.46 6.65 4.36 3.00 1.84 1.34 0.97 
P. grac A.C. P.6 1.98 4.35 7.68 9.82 13.03 11.24 11.85 8.44 6.37 4.26 2.92 1.76 1.34 0.96 
D. sub H.C. P.6 1.47 3.40 5.93 7.20 10.11 9.30 9.27 6.21 4.66 2.91 1.84 0.99 0.62 0.42 
D. sub A.C. P.6 1.13 3.12 5.56 7.46 10.31 9.81 9.51 6.56 4.96 3.00 1.89 1.00 0.69 0.42 
D. sub A.C. P.6 1.09 2.73 4.97 6.76 9.21 9.06 8.37 6.05 4.21 2.64 1.68 0.85 0.60 0.39 
  D. sub 1.29 3.39 6.29 8.27 11.17 9.19 10.01 7.26 5.29 3.36 2.24 1.20 0.64 0.56 
  P. grac 1.41 3.26 5.50 6.96 9.47 8.08 8.60 6.04 4.45 2.89 1.95 1.10 0.76 0.56 
  STDEV 
(D. sub) 
0.30 0.90 1.83 2.48 3.40 1.86 2.94 2.33 1.78 1.17 0.83 0.48 0.26 0.24 
  STDEV 
(P. grac) 
0.58 1.43 2.25 2.93 4.18 3.43 3.67 2.81 2.33 1.60 1.14 0.77 0.60 0.43 
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  SE (D. 
sub) 
0.06 0.18 0.37 0.51 0.69 0.38 0.60 0.47 0.36 0.24 0.17 0.10 0.05 0.05 
  SE (P. 
grac) 
0.24 0.58 0.92 1.20 1.70 1.40 1.50 1.15 0.95 0.65 0.46 0.32 0.24 0.18 
                 
D. sub H.C. P.5 0.73 1.83 3.15 4.04 5.32 4.91 5.02 3.37 2.42 1.50 0.96 0.46 0.29 0.19 
D. sub H.C. P.5 0.68 1.65 2.76 3.86 5.15 4.24 4.79 3.20 2.33 1.50 0.94 0.47 0.34 0.20 
D. sub A.C. P.5 0.50 1.39 2.54 3.16 4.54 3.93 4.25 2.95 2.15 1.29 0.84 0.42 0.29 0.18 
D. sub H.C. P.5 1.44 3.53 6.18 7.85 10.95 11.06 9.59 7.07 5.13 3.23 2.08 1.18 0.82 0.55 
D. sub H.C. P.5 1.45 3.77 6.35 8.61 11.86 12.13 10.52 7.35 5.41 3.32 2.26 1.19 0.88 0.57 
D. sub A.C. P.5 1.31 3.62 5.84 7.29 10.68 10.67 9.38 6.47 4.70 3.11 1.96 1.04 0.77 0.51 
D. sub H.C. P.5 1.30 3.22 5.32 7.02 9.05 9.56 8.07 5.58 4.12 2.55 1.58 0.89 0.63 0.37 
D. sub H.C. P.5 1.20 2.91 5.03 6.52 8.85 8.57 7.88 5.49 3.93 2.51 1.49 0.82 0.55 0.33 
D. sub A.C. P.5 1.10 2.80 4.80 6.17 8.32 8.32 7.83 5.23 3.76 2.28 1.35 0.74 0.52 0.30 
D. sub H.C. P.5 1.13 3.38 5.27 6.93 9.51 8.83 8.84 6.05 4.47 2.72 1.78 0.91 0.59 0.40 
D. sub H.C. P.5 1.13 2.95 5.30 6.93 9.93 8.89 8.86 6.10 4.47 2.59 1.71 0.94 0.60 0.41 
D. sub A.C. P.5 0.99 2.63 4.63 6.08 8.85 7.42 7.98 5.57 4.00 2.43 1.48 0.80 0.51 0.33 
D. sub H.C. P.5 0.91 2.32 4.28 5.52 7.19 6.11 6.61 4.50 3.18 2.00 1.24 0.62 0.43 0.24 
D. sub A.C. P.5 0.69 1.82 3.05 4.08 5.60 4.52 5.06 3.42 2.43 1.45 0.86 0.46 0.28 0.20 
D. sub A.C. P.5 0.66 1.63 2.80 3.77 5.12 4.12 4.74 3.23 2.32 1.44 0.89 0.44 0.29 0.20 
P. grac H.C. P.5 0.65 1.53 3.14 3.75 5.26 4.31 4.74 3.40 2.61 1.59 1.08 0.56 0.37 0.25 
P. grac A.C. P.5 0.55 1.55 2.45 3.22 4.29 3.27 3.95 2.76 2.05 1.34 0.80 0.47 0.28 0.20 
P. grac A.C. P.5 0.40 1.16 1.96 2.86 3.59 2.69 3.13 2.14 1.60 1.01 0.67 0.35 0.21 0.15 
D. sub H.C. P.5 0.30 0.95 1.87 2.60 3.71 2.85 3.33 2.44 1.69 1.05 0.66 0.34 0.17 0.15 
D. sub H.C. P.5 0.19 0.69 1.30 1.78 2.76 2.14 2.43 1.77 1.25 0.73 0.48 0.25 0.14 0.12 
D. sub A.C. P.5 0.27 0.83 1.71 2.39 3.44 2.57 3.03 2.17 1.51 0.96 0.56 0.29 0.17 0.14 
D. sub H.C. P.5 1.00 2.51 5.06 6.37 8.61 7.82 7.75 5.48 3.87 2.32 1.46 0.76 0.41 0.31 
D. sub H.C. P.5 1.01 2.68 4.69 6.34 8.52 7.80 7.77 5.28 3.82 2.50 1.54 0.80 0.39 0.36 
D. sub A.C. P.5 0.95 2.61 4.64 6.61 8.81 7.77 7.51 5.26 3.72 2.28 1.44 0.73 0.38 0.31 
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D. sub H.C. P.5 0.66 1.82 3.53 4.49 6.47 5.22 5.82 4.12 2.99 1.82 1.17 0.62 0.34 0.26 
D. sub A.C. P.5 0.58 1.46 2.89 3.65 5.23 4.30 4.66 3.32 2.36 1.41 0.91 0.45 0.23 0.19 
D. sub A.C. P.5 0.54 1.42 2.76 3.53 5.15 4.10 4.91 3.44 2.42 1.47 0.94 0.47 0.24 0.20 
P. grac H.C. P.5 1.35 3.71 7.32 9.17 12.58 10.67 11.31 8.51 6.26 4.05 2.65 1.40 0.79 0.65 
P. grac H.C. P.5 1.23 3.47 6.51 8.64 12.02 11.22 10.77 8.05 5.51 3.64 2.26 1.18 0.67 0.51 
P. grac A.C. P.5 1.16 3.25 6.01 7.82 11.06 9.56 9.51 7.03 5.02 3.30 2.14 1.14 0.61 0.55 
  D. sub 0.86 2.27 3.99 5.23 7.23 6.58 6.53 4.54 3.27 2.02 1.27 0.67 0.43 0.29 
  P. grac 0.89 2.44 4.56 5.91 8.13 6.95 7.24 5.32 3.84 2.49 1.60 0.85 0.49 0.38 
  STDEV 
(D. sub) 
0.36 0.92 1.47 1.90 2.58 2.86 2.26 1.58 1.17 0.74 0.48 0.27 0.21 0.13 
  STDEV 
(P. grac) 
0.40 1.15 2.31 2.93 4.17 3.94 3.69 2.86 1.99 1.32 0.85 0.44 0.23 0.21 
  SE (D. 
sub) 
0.07 0.19 0.30 0.39 0.53 0.58 0.46 0.32 0.24 0.15 0.10 0.06 0.04 0.03 
  SE (P. 
grac) 
0.16 0.47 0.94 1.20 1.70 1.61 1.51 1.17 0.81 0.54 0.35 0.18 0.10 0.09 
                 
D. sub H.C. 4.4m 0.82 1.10 1.35 1.56 2.00 1.83 2.27 1.76 1.58 1.27 0.98 0.62 0.37 0.32 
D. sub H.C. 4.4m 0.59 0.93 1.08 1.19 1.60 1.52 1.67 1.30 1.15 0.95 0.71 0.48 0.29 0.26 
D. sub A.C. 4.4m 0.35 0.52 0.65 0.75 0.94 1.01 1.09 0.87 0.79 0.59 0.48 0.30 0.17 0.15 
P. grac H.C. 4.4m 1.12 1.66 2.01 2.32 2.79 2.28 3.03 2.30 2.02 1.61 1.31 0.82 0.49 0.41 
P. grac H.C. 4.4m 1.04 1.59 1.86 2.09 2.58 2.09 2.77 2.14 2.01 1.54 1.25 0.74 0.43 0.36 
P. grac A.C. 4.4m 0.66 0.95 1.19 1.35 1.64 1.33 1.84 1.38 1.22 0.94 0.73 0.49 0.23 0.20 
P. grac H.C. 4.4m 1.68 2.34 2.82 3.01 3.62 4.14 4.01 3.11 2.69 2.17 1.63 0.99 0.63 0.45 
P. grac A.C. 4.4m 1.49 2.09 2.48 2.73 3.21 3.83 3.45 2.82 2.37 1.84 1.44 0.86 0.48 0.37 
P. grac A.C. 4.4m 1.42 2.06 2.38 2.59 3.30 3.91 3.30 2.60 2.41 1.85 1.38 0.94 0.52 0.40 
P. grac H.C. 4.4m 0.67 0.94 1.18 1.27 1.59 1.61 1.85 1.33 1.19 0.90 0.69 0.39 0.23 0.19 
P. grac H.C. 4.4m 0.61 0.91 1.12 1.23 1.54 1.59 1.75 1.34 1.18 0.94 0.70 0.46 0.26 0.19 
P. grac A.C. 4.4m 0.60 0.82 1.01 1.09 1.44 1.43 1.50 1.24 1.06 0.82 0.69 0.40 0.24 0.20 
P. man H.C. 4.4m 0.76 1.04 1.23 1.54 1.75 1.85 1.87 1.61 1.37 1.11 0.89 0.57 0.34 0.25 
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P. man H.C. 4.4m 0.48 0.74 0.84 0.93 1.15 1.27 1.36 1.07 0.96 0.77 0.63 0.37 0.26 0.18 
P. man A.C. 4.4m 0.52 0.82 1.25 0.99 1.21 1.41 1.40 1.12 1.04 0.84 0.67 0.41 0.30 0.20 
P. grac H.C. 4.4m 1.37 1.84 2.19 2.33 2.90 2.19 3.21 2.60 2.27 1.80 1.60 1.02 0.64 0.53 
P. grac H.C. 4.4m 1.31 1.86 2.16 2.42 3.05 2.57 3.40 2.71 2.33 1.92 1.50 1.02 0.64 0.45 
P. grac A.C. 4.4m 1.30 1.79 2.13 2.32 2.74 2.92 3.11 2.40 2.11 1.62 1.34 0.87 0.56 0.36 
D. sub H.C. 4.4m 0.86 1.27 1.48 1.66 2.00 2.06 2.10 1.65 1.40 1.08 0.77 0.46 0.32 0.18 
D. sub A.C. 4.4m 0.74 1.12 1.31 1.42 1.68 1.74 1.75 1.41 1.23 0.94 0.70 0.44 0.32 0.19 
D. sub A.C. 4.4m 0.69 0.97 1.20 1.34 1.56 1.59 1.70 1.36 1.14 0.94 0.73 0.44 0.28 0.17 
D. sub H.C. 4.4m 1.42 2.21 2.56 2.71 3.39 3.56 3.45 2.79 2.34 1.85 1.37 0.85 0.63 0.38 
D. sub H.C. 4.4m 1.36 2.07 2.45 2.56 3.14 3.44 3.45 2.69 2.20 1.68 1.31 0.80 0.57 0.35 
D. sub A.C. 4.4m 1.24 1.80 2.34 2.39 2.88 2.92 3.08 2.39 2.07 1.60 1.17 0.68 0.52 0.31 
D. sub H.C. 4.4m 1.24 1.66 2.04 2.27 2.72 2.78 3.05 2.36 2.03 1.57 1.24 0.70 0.58 0.32 
D. sub A.C. 4.4m 0.99 1.40 1.71 1.74 2.09 2.17 2.37 1.90 1.62 1.28 0.92 0.55 0.38 0.24 
D. sub A.C. 4.4m 1.01 1.42 1.63 1.76 2.11 2.14 2.49 1.83 1.57 1.17 0.87 0.58 0.36 0.25 
D. sub H.C. 4.4m 1.66 2.29 2.74 2.86 3.47 2.68 3.83 3.01 2.63 2.15 1.72 1.16 0.96 0.55 
D. sub H.C. 4.4m 1.30 1.83 2.17 2.28 2.68 2.98 3.07 2.36 2.03 1.61 1.15 0.80 0.62 0.33 
D. sub A.C. 4.4m 1.12 1.55 1.85 1.96 2.24 2.72 2.48 2.11 1.73 1.38 1.02 0.62 0.49 0.29 
  D. sub 1.03 1.48 1.77 1.90 2.30 2.34 2.52 1.99 1.70 1.34 1.01 0.63 0.46 0.29 
  P. grac 1.10 1.57 1.88 2.06 2.53 2.49 2.77 2.17 1.91 1.50 1.19 0.75 0.45 0.34 
  P. man 0.59 0.86 1.10 1.16 1.37 1.51 1.54 1.27 1.12 0.90 0.73 0.45 0.30 0.21 
  STDEV 
(D. sub) 
0.35 0.51 0.61 0.60 0.73 0.74 0.78 0.61 0.51 0.41 0.32 0.21 0.20 0.10 
  STDEV 
(P. grac) 
0.38 0.53 0.61 0.65 0.78 1.00 0.82 0.67 0.58 0.47 0.37 0.25 0.16 0.12 
  STDEV 
(P. man) 
0.15 0.15 0.23 0.33 0.33 0.30 0.28 0.30 0.22 0.18 0.14 0.10 0.04 0.03 
  SE (D. 
sub) 
0.09 0.13 0.16 0.16 0.19 0.19 0.20 0.16 0.13 0.11 0.08 0.05 0.05 0.03 
  SE (P. 
grac) 
0.11 0.15 0.18 0.19 0.22 0.29 0.24 0.19 0.17 0.14 0.11 0.07 0.05 0.03 
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  SE (P. 
man) 
0.09 0.09 0.13 0.19 0.19 0.18 0.16 0.17 0.13 0.10 0.08 0.06 0.02 0.02 
                 
P. grac B.C. 1m 3.59 3.92 4.69 5.43 6.00 4.81 6.57 4.81 4.15 3.40 2.81 1.80 1.61 1.01 
P. grac H.C. 1m 1.81 2.00 2.36 2.68 3.03 2.58 3.35 2.40 2.12 1.72 1.44 0.98 0.76 0.48 
D. sub H.C. 1m 0.06 0.06 0.07 0.32 0.10 0.10 0.10 0.07 0.06 0.06 0.04 0.01 0.02 0.01 
D. sub H.C. 1m 0.23 0.23 0.30 0.32 0.43 0.29 0.44 0.29 0.22 0.19 0.14 0.10 0.07 0.06 
D. sub H.C. 1m 0.65 0.53 0.60 0.59 0.65 0.82 0.78 0.55 0.45 0.38 0.28 0.17 0.10 0.11 
D. sub H.C. 1m 0.53 0.38 0.44 0.46 0.54 0.55 0.62 0.44 0.40 0.30 0.26 0.18 0.07 0.08 
D. sub B.C. 1m 0.32 0.31 0.43 0.51 0.45 0.45 0.51 0.34 0.29 0.24 0.19 0.14 0.06 0.06 
D. sub B.C. 1m 2.73 2.71 3.41 4.13 4.36 3.46 5.02 3.75 3.18 2.73 2.24 1.64 1.06 0.97 
P. grac H.C. 1m 0.29 0.29 0.34 0.46 0.40 0.38 0.42 0.34 0.25 0.18 0.13 0.07 0.04 0.04 
P. grac A.C. 1m 0.11 0.10 0.14 0.14 0.19 0.18 0.19 0.14 0.09 0.09 0.07 0.03 0.02 0.02 
D. sub B.C. 1m 0.92 0.85 1.01 0.89 0.88 1.21 1.02 0.71 0.60 0.44 0.35 0.23 0.12 0.10 
D. sub H.C. 1m 0.70 0.61 0.68 0.62 0.62 0.81 0.76 0.46 0.38 0.29 0.22 0.18 0.09 0.07 
D. sub H.C. 1m 0.57 0.51 0.53 0.63 0.67 0.73 0.75 0.52 0.44 0.38 0.26 0.21 0.09 0.11 
P. grac H.C. 1m 3.27 3.53 4.38 4.45 5.05 4.17 5.69 4.02 3.70 2.95 2.32 1.48 0.88 0.81 
P. grac H.C. 1m 1.91 2.36 2.51 2.54 2.58 2.45 2.85 2.07 1.69 1.44 1.09 0.80 0.37 0.41 
D. sub H.C. 1m 1.07 1.04 1.15 1.11 1.12 1.60 1.34 0.85 0.78 0.63 0.45 0.26 0.16 0.14 
D. sub B.C. 1m 0.74 0.62 0.67 0.62 0.74 0.78 0.82 0.56 0.53 0.39 0.30 0.21 0.12 0.10 
D. sub H.C. 1m 1.08 1.06 1.17 1.28 1.17 1.45 1.44 0.98 0.81 0.63 0.49 0.33 0.20 0.17 
D. sub A.C. 1m 0.52 0.47 0.61 0.53 0.58 0.56 0.71 0.47 0.39 0.30 0.25 0.16 0.09 0.07 
D. sub A.C. 1m 0.53 0.43 0.50 0.54 0.62 0.58 0.67 0.46 0.46 0.33 0.27 0.17 0.10 0.08 
P. grac H.C. 1m 0.87 0.83 0.87 1.02 0.88 1.17 1.07 0.71 0.54 0.45 0.30 0.23 0.12 0.09 
P. grac H.C. 1m 0.91 0.94 1.02 1.02 1.00 1.31 1.16 0.75 0.61 0.45 0.37 0.23 0.14 0.10 
P. grac B.C. 1m 1.60 1.65 1.88 2.04 2.11 1.94 2.37 1.71 1.48 1.15 0.82 0.55 0.37 0.30 
  D. sub 0.76 0.70 0.83 0.90 0.92 0.96 1.07 0.75 0.64 0.52 0.41 0.29 0.17 0.15 
  P. grac 1.59 1.73 2.02 2.20 2.36 2.11 2.63 1.88 1.62 1.31 1.04 0.69 0.48 0.36 
  STDEV 0.64 0.65 0.80 0.97 1.03 0.83 1.19 0.89 0.76 0.65 0.54 0.40 0.26 0.24 
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(D. sub) 
  STDEV 
(P. grac) 
1.22 1.36 1.65 1.80 2.05 1.59 2.26 1.64 1.47 1.20 0.98 0.63 0.52 0.35 
  SE (D. 
sub) 
0.17 0.17 0.22 0.26 0.27 0.22 0.32 0.24 0.20 0.17 0.14 0.11 0.07 0.06 
  SE (P. 
grac) 
0.41 0.45 0.55 0.60 0.68 0.53 0.75 0.55 0.49 0.40 0.33 0.21 0.17 0.12 
                 
P. grac A.C. 3m 3.35 3.40 4.38 5.13 5.84 4.07 6.48 4.72 4.25 3.37 2.77 2.07 1.37 1.15 
D. sub H.C. 3m 1.13 1.18 1.23 1.24 1.29 1.44 1.31 0.88 0.74 0.58 0.42 0.27 0.18 0.14 
D. sub H.C. 3m 0.80 0.77 0.74 0.71 0.79 0.82 0.86 0.53 0.45 0.34 0.27 0.17 0.11 0.09 
D. sub A.C. 3m 0.54 0.45 0.57 0.57 0.65 0.56 0.70 0.50 0.43 0.34 0.26 0.21 0.11 0.07 
D. sub H.C. 3m 0.92 0.70 0.78 0.86 0.83 0.82 0.95 0.59 0.47 0.37 0.26 0.17 0.12 0.06 
D. sub H.C. 3m 0.76 0.71 0.71 0.68 0.71 0.65 0.75 0.43 0.36 0.28 0.22 0.10 0.09 0.05 
D. sub A.C. 3m 0.76 0.60 0.68 0.68 0.67 0.65 0.77 0.46 0.34 0.27 0.20 0.11 0.09 0.06 
P. grac H.C. 3m 3.14 3.08 4.05 4.31 4.76 3.19 5.41 3.82 3.72 3.07 2.49 2.20 1.42 1.04 
P. grac A.C. 3m 2.72 2.84 3.74 3.89 4.61 3.12 4.98 3.42 3.27 2.69 2.21 1.75 1.25 0.88 
D. sub H.C. 3m 0.88 0.80 0.83 0.78 0.82 0.97 0.82 0.51 0.42 0.31 0.26 0.16 0.11 0.09 
D. sub H.C. 3m 0.88 0.85 0.89 0.91 0.91 1.05 0.99 0.57 0.48 0.41 0.29 0.22 0.13 0.08 
D. sub B.C. 3m 0.93 0.94 0.93 0.96 0.90 1.08 0.98 0.61 0.54 0.43 0.32 0.22 0.14 0.11 
P. grac H.C. 3m 0.84 0.71 0.76 0.77 0.81 1.00 0.89 0.54 0.43 0.33 0.26 0.17 0.12 0.07 
P. grac H.C. 3m 1.21 1.10 1.25 1.37 1.39 1.69 1.47 1.00 0.77 0.57 0.47 0.29 0.20 0.15 
P. grac A.C. 3m 0.80 0.68 0.73 0.81 0.82 0.88 0.80 0.54 0.43 0.37 0.25 0.21 0.10 0.08 
D. sub A.C. 3m 0.63 1.09 0.68 0.68 0.81 0.79 0.79 0.53 0.46 0.33 0.25 0.15 0.09 0.08 
D. sub H.C. 3m 0.04 0.03 0.04 0.06 0.10 0.11 0.06 0.03 0.04 0.04 0.04 0.03 0.01 0.02 
D. sub A.C. 3m 0.07 0.06 0.29 0.07 0.19 0.07 0.12 0.35 0.09 0.07 0.04 0.04 0.02 0.01 
D. sub H.C. 3m 0.11 0.19 0.10 0.13 0.11 0.13 0.16 0.09 0.09 0.06 0.05 0.03 0.02 0.02 
D. sub H.C. 3m 0.18 0.17 0.32 0.56 0.29 0.25 0.30 0.44 0.24 0.25 0.13 0.10 0.07 0.05 
D. sub H.C. 3m 0.30 0.20 0.27 0.39 0.35 0.35 0.44 0.30 0.32 0.31 0.26 0.21 0.11 0.11 
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D. sub B.C. 3m 2.28 2.51 3.19 3.46 3.93 2.86 4.38 3.18 3.03 2.54 2.23 1.69 1.07 1.03 
D. sub H.C. 3m 1.24 1.16 1.38 1.50 1.64 1.44 1.63 1.20 0.91 0.82 0.65 0.42 0.24 0.20 
D. sub A.C. 3m 0.63 0.67 0.89 1.21 1.32 1.05 1.57 1.25 1.12 1.04 0.96 0.58 0.32 0.30 
  D. sub 0.73 0.73 0.81 0.86 0.91 0.84 0.98 0.69 0.58 0.49 0.40 0.27 0.17 0.14 
  P. grac 2.01 1.97 2.49 2.71 3.04 2.33 3.34 2.34 2.15 1.73 1.41 1.12 0.74 0.56 
  STDEV 
(D. sub) 
0.53 0.58 0.70 0.76 0.86 0.66 0.96 0.69 0.67 0.57 0.51 0.38 0.24 0.23 
  STDEV 
(P. grac) 
1.19 1.27 1.74 1.95 2.28 1.32 2.56 1.86 1.79 1.45 1.20 0.99 0.67 0.51 
  SE (D. 
sub) 
0.13 0.14 0.16 0.18 0.20 0.15 0.23 0.16 0.16 0.13 0.12 0.09 0.06 0.05 
  SE (P. 
grac) 
0.49 0.52 0.71 0.80 0.93 0.54 1.05 0.76 0.73 0.59 0.49 0.40 0.27 0.21 
                 
D. sub H.C. P.12 0.76 0.84 0.74 0.91 0.82 1.11 0.83 0.61 0.38 0.35 0.16 0.09 0.05 0.04 
D. sub A.C. P.12 0.84 0.87 1.02 1.12 1.15 1.26 1.16 0.72 0.67 0.38 0.29 0.13 0.11 0.09 
D. sub A.C. P.12 0.95 0.97 1.19 1.45 1.24 1.52 1.50 0.74 0.57 0.36 0.29 0.17 0.07 0.10 
D. sub H.C. P.12 1.08 1.09 1.03 1.06 1.00 1.66 1.21 0.65 0.39 0.29 0.22 0.10 0.06 0.07 
D. sub H.C. P.12 0.98 1.49 1.02 1.21 1.32 1.55 1.24 0.64 0.50 0.29 0.25 0.11 0.06 0.06 
D. sub A.C. P.12 0.75 0.92 0.76 0.91 0.77 1.05 0.88 0.56 0.39 0.21 0.16 0.05 0.04 0.04 
P. man H.C. P.12 0.44 0.56 0.61 0.71 0.64 0.81 0.89 0.40 0.29 0.16 0.13 0.06 0.04 0.02 
P. man B.C. P.12 2.43 3.27 3.60 4.19 3.87 3.94 4.68 2.61 1.54 1.03 0.76 0.45 0.20 0.18 
P. man A.C. P.12 0.34 0.41 0.43 0.50 0.49 0.59 0.55 0.32 0.22 0.13 0.10 0.03 0.02 0.01 
D. sub H.C. P.12 0.05 0.08 0.08 0.11 0.14 0.21 0.13 0.06 0.05 0.02 0.01 0.02 0.00 0.02 
D. sub H.C. P.12 0.08 0.10 0.17 0.19 0.17 0.23 0.22 0.13 0.08 0.06 0.03 0.02 0.01 0.01 
D. sub A.C. P.12 0.06 0.10 0.14 0.20 0.16 0.16 0.23 0.13 0.08 0.05 0.04 0.02 0.00 0.01 
P. grac H.C. P.12 0.93 1.60 1.21 1.83 1.69 1.90 2.15 1.24 0.90 0.57 0.41 0.16 0.10 0.07 
P. grac H.C. P.12 0.97 1.29 1.49 2.15 2.41 2.28 2.51 1.24 0.92 0.66 0.45 0.24 0.16 0.13 
P. grac H.C. P.12 0.85 1.34 1.31 1.92 2.09 2.53 2.51 1.55 1.12 0.73 0.52 0.30 0.16 0.14 
D. sub H.C. P.12 1.01 1.52 1.16 1.50 1.33 1.56 1.63 0.81 0.60 0.40 0.35 0.17 0.08 0.08 
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D. sub H.C. P.12 0.97 0.99 1.19 1.45 1.23 1.81 1.48 0.84 0.71 0.37 0.30 0.12 0.09 0.04 
D. sub A.C. P.12 0.93 0.99 1.18 1.27 1.30 1.58 1.67 0.90 0.68 0.42 0.40 0.14 0.09 0.07 
D. sub H.C. P.12 0.32 0.45 0.45 0.56 0.52 0.64 0.70 0.40 0.34 0.29 0.23 0.12 0.07 0.06 
D. sub H.C. P.12 0.20 0.34 0.37 0.29 0.38 0.44 0.44 0.32 0.27 0.20 0.18 0.09 0.06 0.06 
D. sub A.C. P.12 0.25 0.33 0.38 0.41 0.52 0.63 0.62 0.39 0.34 0.24 0.19 0.12 0.07 0.06 
P. man B.C. P.12 0.55 0.90 0.79 0.68 0.70 1.19 1.07 0.51 0.37 0.27 0.18 0.10 0.05 0.04 
P. man H.C. P.12 0.44 0.73 0.50 0.77 0.66 0.81 0.72 0.45 0.29 0.26 0.15 0.07 0.05 0.03 
P. man H.C. P.12 0.43 0.63 0.60 0.77 0.72 1.10 0.97 0.56 0.47 0.41 0.27 0.17 0.09 0.09 
D. sub H.C. P.12 1.13 1.33 1.52 1.47 1.69 2.06 1.93 1.28 0.92 0.64 0.54 0.26 0.19 0.12 
D. sub H.C. P.12 0.92 1.47 2.15 1.24 1.48 1.92 1.70 1.09 0.81 0.55 0.36 0.26 0.16 0.11 
D. sub A.C. P.12 0.97 1.47 1.54 2.21 2.45 2.84 2.83 1.61 1.05 0.74 0.64 0.24 0.17 0.14 
  D. sub 0.68 0.85 0.89 0.98 0.98 1.24 1.13 0.66 0.49 0.33 0.26 0.12 0.08 0.07 
  P. grac 0.92 1.41 1.34 1.97 2.07 2.23 2.39 1.34 0.98 0.65 0.46 0.23 0.14 0.11 
  P. man 0.77 1.08 1.09 1.27 1.18 1.41 1.48 0.81 0.53 0.38 0.27 0.15 0.07 0.06 
  STDEV 
(D. sub) 
0.39 0.51 0.56 0.58 0.61 0.74 0.70 0.41 0.29 0.19 0.16 0.07 0.05 0.04 
  STDEV 
(P. grac) 
0.06 0.16 0.14 0.17 0.36 0.32 0.21 0.18 0.12 0.08 0.05 0.07 0.03 0.04 
  STDEV 
(P. man) 
0.82 1.08 1.24 1.43 1.32 1.26 1.58 0.89 0.50 0.33 0.25 0.16 0.06 0.06 
  SE (D. 
sub) 
0.09 0.12 0.13 0.14 0.14 0.17 0.17 0.10 0.07 0.05 0.04 0.02 0.01 0.01 
  SE (P. 
grac) 
0.03 0.09 0.08 0.10 0.21 0.18 0.12 0.10 0.07 0.05 0.03 0.04 0.02 0.02 
  SE (P. 
man) 









La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 
 77 
                 
D. sub H.C. P.4 1.16 2.68 4.89 6.17 8.88 8.88 7.92 6.28 4.49 2.86 2.00 1.05 0.70 0.55 
D. sub H.C. P.4 1.01 2.47 4.48 5.81 7.91 8.48 7.17 5.18 3.76 2.44 1.61 0.90 0.56 0.43 
D. sub A.C. P.4 1.16 2.91 5.39 6.70 9.23 9.24 8.15 6.27 4.38 2.88 1.99 1.05 0.68 0.53 
D. sub H.C. P.4 0.54 1.37 2.68 4.01 5.23 4.40 5.00 3.55 2.37 1.57 1.00 0.58 0.37 0.30 
D. sub H.C. P.4 0.63 1.63 3.13 4.75 5.51 5.09 5.04 3.67 2.76 1.65 1.21 0.69 0.35 0.27 
D. sub A.C. P.4 0.52 1.28 2.54 3.47 5.06 3.90 4.85 3.27 2.54 1.79 1.13 0.60 0.34 0.23 
D. sub H.C. P.4 0.85 2.47 4.42 5.63 7.91 6.92 7.36 5.50 3.93 2.54 1.65 0.90 0.57 0.41 
D. sub H.C. P.4 0.79 2.01 3.66 4.78 6.72 6.61 5.88 4.64 3.44 1.91 1.26 0.79 0.38 0.36 
D. sub A.C. P.4 0.73 1.82 3.60 4.72 6.34 5.60 5.99 4.11 3.03 1.86 1.27 0.74 0.42 0.33 






8.01 6.03 3.86 2.95 1.50 1.01 0.72 
D. sub H.C. P.4 0.82 2.09 3.81 5.46 7.82 7.89 7.58 5.76 4.74 2.87 2.06 1.15 0.70 0.50 








8.80 7.16 4.82 3.19 1.60 1.02 0.83 






8.67 6.65 4.41 2.89 1.75 0.97 0.82 




9.98 7.35 5.32 3.45 2.26 1.42 0.85 0.57 




8.28 6.05 4.42 3.06 1.80 0.99 0.56 0.54 
D. sub H.C. P.4 0.92 2.53 4.81 6.81 8.61 9.50 7.68 6.30 4.29 3.21 1.94 1.14 0.64 0.36 
D. sub A.C. P.4 0.66 1.91 3.92 4.75 6.58 6.57 6.12 4.55 3.16 1.97 1.25 0.71 0.44 0.29 
D. sub H.C. P.4 0.35 1.18 2.72 2.63 3.84 3.20 3.39 2.71 1.97 1.19 0.66 0.36 0.21 0.15 
D. sub A.C. P.4 0.22 0.58 1.20 1.74 2.35 2.21 2.40 1.72 1.11 0.75 0.46 0.26 0.13 0.10 
D. sub A.C. P.4 0.20 0.54 1.12 2.15 2.31 2.03 2.17 1.65 1.12 0.66 0.48 0.23 0.18 0.11 






7.83 6.09 3.86 2.56 1.43 0.93 0.68 






9.16 6.97 4.57 3.13 1.61 1.09 0.85 
P. grac A.C. P.4 1.15 2.86 5.59 7.52 11.2 10.0 10.4 8.18 5.96 3.90 2.49 1.46 0.93 0.72 
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8 0 9 
D. sub H.C. P.4 0.48 1.55 3.10 4.04 5.71 4.81 4.70 3.41 2.59 1.62 1.01 0.54 0.31 0.28 
D. sub H.C. P.4 0.24 0.85 1.70 2.19 3.32 2.72 3.20 2.00 1.49 0.94 0.66 0.35 0.18 0.13 
D. sub A.C. P.4 0.17 0.89 1.59 1.71 2.58 1.95 2.20 1.67 1.26 0.73 0.49 0.26 0.14 0.14 
  D. sub 0.76 2.09 4.02 5.25 7.21 6.90 6.49 4.83 3.57 2.31 1.53 0.85 0.51 0.39 
  P. 
grac 






8.39 6.34 4.11 2.73 1.50 0.98 0.75 
  STDEV 
(D. 
sub) 
0.38 1.00 1.92 2.41 3.33 3.51 2.89 2.20 1.71 1.16 0.80 0.44 0.28 0.22 
  STDEV 
(P. 
grac) 
0.04 0.38 0.84 0.98 1.41 0.60 0.99 0.69 0.55 0.40 0.35 0.10 0.09 0.09 
  SE (D. 
sub) 
0.08 0.21 0.40 0.50 0.70 0.73 0.60 0.46 0.36 0.24 0.17 0.09 0.06 0.05 
  SE (P. 
grac) 
0.02 0.22 0.48 0.57 0.81 0.35 0.57 0.40 0.32 0.23 0.20 0.06 0.05 0.05 
                 








11.18 9.25 6.65 4.56 2.89 1.71 1.34 
P. man H.C. A.5 0.65 2.10 4.69 6.22 8.50 9.26 6.97 5.79 4.29 2.93 2.09 1.16 0.70 0.41 
P. man H.C. A.5 0.39 2.51 2.70 3.75 5.17 4.91 4.94 3.48 2.76 1.78 1.21 0.63 0.34 0.26 
P. man A.C. A.5 0.17 0.50 1.14 1.66 2.58 2.30 2.17 1.90 1.38 0.97 0.71 0.44 0.23 0.17 












8.07 4.81 2.70 2.33 








16.28 13.25 9.08 6.70 3.85 2.34 1.78 








12.40 8.97 6.36 4.32 2.74 1.38 1.06 
D. sub H.C. A.5 0.44 1.24 2.97 4.69 6.25 5.12 4.79 3.98 3.08 1.96 1.22 0.64 0.34 0.33 
D. sub A.C. A.5 0.37 0.58 0.75 1.17 1.87 1.56 1.55 1.19 0.88 0.59 0.35 0.25 0.11 0.10 
D. sub A.C. A.5 0.92 2.81 5.32 7.40 10.8 10.6 8.78 6.81 5.88 3.53 2.49 1.46 0.80 0.70 
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8 5 
D. sub A.C. A.5 0.68 1.91 4.37 5.46 8.45 7.41 7.06 5.21 3.89 2.57 1.71 0.93 0.51 0.32 








11.76 8.93 6.56 4.42 2.54 1.34 1.04 








10.40 8.03 5.63 3.82 2.00 1.13 0.90 








10.56 8.31 5.50 3.79 2.35 1.23 0.97 
P. grac B.C. A.5 0.85 2.60 5.11 7.96 11.2
1 
9.81 9.72 7.86 5.98 4.06 2.84 1.68 0.97 0.76 




7.88 6.47 4.24 2.95 1.80 1.01 0.92 




8.27 6.22 4.14 2.91 1.83 1.02 0.76 
D. sub H.C. A.5 0.47 1.50 3.82 4.28 6.20 5.35 5.11 4.35 2.93 2.02 1.34 0.67 0.39 0.25 
D. sub H.C. A.5 0.51 1.75 3.69 4.75 6.61 5.78 5.56 4.44 3.21 2.25 1.41 0.73 0.44 0.31 
D. sub A.C. A.5 0.49 1.44 3.15 4.16 5.62 4.94 4.55 3.71 2.76 1.81 1.16 0.62 0.39 0.24 
D. sub H.C. A.5 0.53 1.62 3.84 5.04 6.52 5.82 5.54 4.42 3.40 2.20 1.50 0.76 0.47 0.43 
D. sub H.C. A.5 0.55 1.17 2.58 3.56 4.52 4.44 4.01 3.14 2.35 1.63 0.99 0.46 0.30 0.23 
D. sub A.C. A.5 0.15 0.54 1.29 1.80 2.63 2.81 2.53 2.12 1.49 1.14 0.63 0.31 0.19 0.15 




8.80 6.86 5.41 3.55 2.55 1.35 0.79 0.57 
D. sub H.C. A.5 0.74 2.37 5.15 7.08 9.55 10.2
1 
8.22 6.71 5.02 3.51 2.41 1.32 0.74 0.54 
D. sub A.C. A.5 0.75 2.39 5.65 7.08 9.89 10.3
1 
8.09 6.80 5.13 3.48 2.34 1.22 0.74 0.54 
  D. sub 0.74 2.15 4.75 6.38 9.06 8.62 7.64 6.17 4.69 3.19 2.15 1.20 0.67 0.51 
  P. 
grac 








11.81 9.50 6.53 4.67 2.81 1.62 1.31 
  P. 
man 
0.40 1.70 2.84 3.88 5.42 5.49 4.69 3.72 2.81 1.89 1.34 0.74 0.42 0.28 




  STDEV 
(P. 
grac) 
0.68 1.35 2.76 4.37 7.08 4.28 5.96 4.93 4.15 2.95 2.24 1.29 0.75 0.64 
  STDEV 
(P. 
man) 
0.24 1.06 1.78 2.28 2.97 3.52 2.41 1.96 1.46 0.98 0.70 0.37 0.24 0.12 
  SE (D. 
sub) 
0.09 0.26 0.57 0.79 1.16 1.16 0.99 0.81 0.63 0.44 0.31 0.19 0.10 0.08 
  SE (P. 
grac) 
0.28 0.55 1.13 1.78 2.89 1.75 2.43 2.01 1.70 1.21 0.91 0.53 0.31 0.26 
  SE (P. 
man) 
0.14 0.61 1.03 1.32 1.72 2.03 1.39 1.13 0.84 0.57 0.40 0.21 0.14 0.07 
                 
D. sub H.C. 0m 1.47 3.12 5.15 4.84 4.70 5.56 5.09 3.93 2.97 2.23 1.73 1.00 0.51 0.40 
D. sub H.C. 0m 1.35 2.79 3.93 3.86 3.80 4.63 4.03 3.09 2.38 1.74 1.27 0.71 0.38 0.29 
D. sub A.C. 0m 1.24 2.54 3.45 3.49 3.39 4.34 3.71 2.79 2.05 1.60 1.17 0.67 0.41 0.27 
D. sub H.C. 0m 0.17 0.62 0.30 0.40 0.41 0.53 0.42 0.40 0.23 0.24 0.18 0.15 0.09 0.08 
D. sub H.C. 0m 0.39 0.28 2.04 0.94 0.62 0.65 0.75 0.59 0.48 0.37 0.29 0.24 0.13 0.11 
D. sub A.C. 0m 0.42 0.69 0.87 0.92 1.23 1.31 1.37 1.09 0.85 0.70 0.61 0.39 0.23 0.21 
D. sub A.C. 0m 1.49 3.53 5.28 5.96 5.86 7.47 6.37 4.95 3.95 3.05 2.26 1.30 0.65 0.52 
D. sub H.C. 0m 1.32 2.78 3.77 4.22 3.82 5.60 4.14 2.96 2.48 1.88 1.32 0.76 0.45 0.33 
D. sub A.C. 0m 1.30 2.73 3.94 4.07 4.00 5.21 4.44 3.13 2.48 1.72 1.41 0.81 0.39 0.33 
D. sub A.C. 0m 1.49 3.24 4.99 5.72 5.48 6.73 5.90 4.50 3.48 2.54 1.86 1.08 0.51 0.37 
D. sub H.C. 0m 1.48 3.29 4.90 5.22 5.33 6.68 5.71 4.19 3.44 2.64 1.87 0.95 0.48 0.36 
D. sub H.C. 0m 1.45 3.13 4.64 4.99 4.77 7.17 5.19 3.64 2.82 2.32 1.56 0.87 0.46 0.30 
D. sub B.C. 0m 1.45 2.64 3.71 4.25 4.20 5.25 4.21 3.13 2.39 1.93 1.45 0.75 0.46 0.42 
D. sub H.C. 0m 1.00 2.00 2.67 2.98 2.92 3.64 2.96 2.61 1.77 1.45 1.02 0.64 0.28 0.29 
P. grac H.C. 0m 1.07 2.21 2.24 2.40 2.31 2.81 2.79 1.77 1.37 1.05 0.81 0.49 0.26 0.21 
P. grac B.C. 0m 0.89 1.48 1.91 2.36 2.22 2.49 2.58 1.72 1.45 1.10 0.83 0.52 0.26 0.19 
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P. grac H.C. 0m 0.67 1.12 1.74 2.68 1.65 1.99 1.93 1.28 1.04 0.82 0.59 0.35 0.17 0.20 
D. sub H.C. 0m 1.23 2.27 3.37 3.42 3.17 4.72 3.35 2.52 2.07 1.54 1.17 0.65 0.34 0.29 
D. sub H.C. 0m 1.12 2.10 2.68 2.84 2.68 4.54 3.22 2.13 1.76 1.31 0.94 0.43 0.26 0.19 
D. sub H.C. 0m 0.99 1.55 2.05 2.02 1.94 2.83 2.10 1.33 1.20 0.89 0.66 0.32 0.16 0.16 
D. sub B.C. 0m 1.09 2.51 3.26 3.72 3.80 4.88 3.88 2.58 2.26 1.61 1.19 0.70 0.34 0.41 
D. sub H.C. 0m 1.01 2.19 3.08 3.29 3.12 4.33 3.26 2.27 1.84 1.44 1.09 0.70 0.29 0.60 
D. sub A.C. 0m 0.95 2.01 2.81 3.11 3.15 4.10 3.13 2.09 1.77 1.39 0.92 0.58 0.29 0.18 
D. sub H.C. 0m 1.17 2.07 2.79 2.52 2.54 3.97 2.81 1.95 1.71 1.15 0.81 0.51 0.25 0.20 
D. sub H.C. 0m 1.45 2.41 3.42 3.13 2.83 4.46 3.07 2.33 1.75 1.41 0.98 0.62 0.27 0.18 
D. sub A.C. 0m 1.07 1.77 2.36 2.25 2.02 3.37 2.25 1.69 1.30 1.05 0.76 0.38 0.20 0.19 
D. sub H.C. 0m 0.19 0.40 0.62 0.62 0.61 0.78 0.79 0.44 0.40 0.33 0.27 0.14 0.09 0.12 
D. sub H.C. 0m 0.75 1.36 1.47 1.14 1.33 1.34 1.33 0.92 0.76 0.65 0.45 0.23 0.15 0.12 
D. sub A.C. 0m 0.13 0.14 0.20 0.22 0.31 0.33 0.33 0.25 0.19 0.20 0.15 0.09 0.08 0.06 
  D. sub 1.05 2.08 2.99 3.08 3.00 4.02 3.22 2.37 1.88 1.44 1.05 0.60 0.31 0.27 
  P. 
grac 
0.88 1.60 1.97 2.48 2.06 2.43 2.43 1.59 1.29 0.99 0.74 0.45 0.23 0.20 
  STDEV 
(D. 
sub) 
0.44 0.98 1.47 1.65 1.60 2.10 1.71 1.29 1.01 0.76 0.55 0.31 0.15 0.14 
  STDEV 
(P. 
grac) 
0.20 0.56 0.25 0.18 0.36 0.41 0.45 0.27 0.22 0.15 0.13 0.09 0.05 0.01 
  SE (D. 
sub) 
0.09 0.19 0.29 0.32 0.31 0.41 0.34 0.25 0.20 0.15 0.11 0.06 0.03 0.03 
  SE (P. 
grac) 
0.12 0.32 0.15 0.10 0.21 0.24 0.26 0.16 0.13 0.09 0.08 0.05 0.03 0.01 
                 
P. man B.C. 2.5m 0.72 0.75 0.96 1.08 1.19 0.94 1.20 0.78 0.61 0.48 0.45 0.36 0.19 0.17 
P. man H.C. 2.5m 0.40 0.40 0.61 0.49 0.57 0.63 0.56 0.33 0.29 0.19 0.16 0.08 0.03 0.05 
P. man A.C. 2.5m 0.95 0.98 1.27 1.68 1.71 1.63 1.93 1.17 0.94 0.80 0.74 0.44 0.28 0.20 
D. sub H.C. 2.5m 0.38 0.34 0.53 0.56 0.58 0.48 0.62 0.40 0.36 0.32 0.31 0.20 0.12 0.10 
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D. sub A.C. 2.5m 0.30 0.28 0.42 0.43 0.54 0.40 0.52 0.36 0.33 0.33 0.27 0.19 0.10 0.08 
D. sub A.C. 2.5m 0.17 0.16 0.23 0.25 0.27 0.24 0.32 0.19 0.18 0.13 0.14 0.12 0.05 0.05 
P. grac B.C. 2.5m 2.07 2.30 3.43 2.92 3.55 3.03 3.78 2.58 2.14 1.95 1.63 1.15 0.80 0.68 
P. grac H.C. 2.5m 1.29 1.48 1.59 1.82 1.98 1.95 2.27 1.56 1.40 1.32 0.99 0.59 0.48 0.36 
P. grac H.C. 2.5m 4.29 4.31 6.08 6.93 8.02 5.44 8.20 5.80 5.15 4.59 3.89 3.04 2.20 1.94 
D. sub H.C. 2.5m 0.58 0.52 0.64 0.68 0.63 0.66 0.59 0.39 0.26 0.20 0.17 0.08 0.06 0.05 
D. sub H.C. 2.5m 0.66 0.55 0.69 0.70 0.74 0.64 0.74 0.42 0.29 0.23 0.20 0.08 0.05 0.06 
D. sub A.C. 2.5m 0.58 0.55 0.63 0.68 0.72 0.58 0.65 0.39 0.31 0.21 0.17 0.10 0.06 0.05 
D. sub B.C. 2.5m 0.07 0.06 0.14 0.17 0.16 0.17 0.12 0.13 0.11 0.08 0.09 0.06 0.03 0.02 
D. sub H.C. 2.5m 0.25 0.15 0.25 0.22 0.24 0.18 0.23 0.12 0.10 0.08 0.07 0.04 0.03 0.03 
D. sub H.C. 2.5m 0.86 0.68 0.88 0.87 0.92 0.95 0.86 0.54 0.44 0.33 0.25 0.15 0.07 0.09 
D. sub H.C. 2.5m 0.64 0.72 0.81 0.83 0.91 0.84 0.92 0.63 0.44 0.39 0.28 0.20 0.11 0.09 
D. sub A.C. 2.5m 0.57 0.51 0.69 0.83 0.95 0.84 0.90 0.62 0.54 0.41 0.35 0.23 0.13 0.11 
D. sub H.C. 2.5m 1.01 1.21 1.13 1.09 1.08 1.24 1.08 0.61 0.53 0.35 0.31 0.28 0.14 0.10 
D. sub A.C. 2.5m 0.82 0.70 0.88 1.01 1.15 0.99 1.12 0.72 0.55 0.47 0.35 0.23 0.17 0.13 
D. sub B.C. 2.5m 1.37 1.34 1.57 1.60 1.87 1.79 1.69 1.09 0.85 0.71 0.56 0.39 0.25 0.24 
D. sub H.C. 2.5m 1.00 0.83 0.99 1.04 1.06 1.05 1.21 0.64 0.49 0.38 0.28 0.23 0.13 0.10 
D. sub H.C. 2.5m 0.84 0.73 0.83 1.06 0.96 0.91 1.01 0.60 0.44 0.30 0.26 0.18 0.08 0.06 
D. sub A.C. 2.5m 0.66 0.60 0.69 0.68 0.76 0.64 0.66 0.42 0.34 0.24 0.20 0.12 0.09 0.07 
P. grac B.C. 2.5m 0.46 0.42 0.53 0.55 0.61 0.52 0.53 0.39 0.31 0.23 0.19 0.16 0.09 0.08 
P. grac H.C. 2.5m 0.26 0.35 0.36 0.40 0.50 0.45 0.52 0.48 0.40 0.37 0.39 0.26 0.15 0.15 
P. grac H.C. 2.5m 1.85 2.01 2.68 2.71 3.48 2.51 3.39 2.34 2.09 1.96 1.67 1.21 0.80 0.69 
  D. sub 0.63 0.58 0.71 0.75 0.80 0.74 0.78 0.49 0.39 0.30 0.25 0.17 0.10 0.08 
  P. 
grac 
1.70 1.81 2.45 2.56 3.02 2.32 3.11 2.19 1.91 1.74 1.46 1.07 0.75 0.65 
  P. 
man 
0.69 0.71 0.95 1.09 1.16 1.06 1.23 0.76 0.62 0.49 0.45 0.30 0.17 0.14 
  STDEV 
(D. 
sub) 
0.34 0.34 0.35 0.37 0.41 0.41 0.39 0.24 0.18 0.15 0.12 0.09 0.06 0.05 
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  STDEV 
(P. 
grac) 
1.46 1.46 2.14 2.39 2.78 1.85 2.85 1.99 1.77 1.59 1.34 1.06 0.77 0.68 
  STDEV 
(P. 
man) 
0.27 0.29 0.33 0.60 0.57 0.51 0.69 0.42 0.32 0.30 0.29 0.19 0.13 0.08 
  SE (D. 
sub) 
0.08 0.08 0.09 0.09 0.10 0.10 0.09 0.06 0.04 0.04 0.03 0.02 0.01 0.01 
  SE (P. 
grac) 
0.60 0.60 0.88 0.97 1.14 0.76 1.16 0.81 0.72 0.65 0.55 0.43 0.32 0.28 
  SE (P. 
man) 
0.16 0.17 0.19 0.34 0.33 0.30 0.40 0.24 0.19 0.18 0.17 0.11 0.07 0.05 
 
Run D 
Species Element Sample 
ID 
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 
                 
D. sub H.C. 3.5m 1.71 1.91 1.94 1.70 1.61 2.94 2.12 1.36 1.09 0.88 0.65 0.40 0.21 0.21 
D. sub H.C. 3.5m 1.64 1.82 1.79 1.58 1.53 2.44 2.04 1.37 1.05 0.86 0.59 0.40 0.19 0.18 
D. sub A.C. 3.5m 1.48 1.57 1.61 1.41 1.41 2.23 1.72 1.12 0.90 0.70 0.53 0.30 0.17 0.13 
D. sub H.C. 3.5m 1.21 1.32 1.27 1.13 1.11 2.13 1.39 0.87 0.72 0.58 0.38 0.29 0.13 0.11 
D. sub H.C. 3.5m 1.02 0.99 1.03 0.74 0.80 1.44 1.01 0.64 0.58 0.43 0.33 0.17 0.10 0.08 
D. sub H.C. 3.5m 1.27 1.23 1.22 1.05 1.05 1.85 1.30 0.87 0.69 0.58 0.46 0.25 0.12 0.11 
P. man H.C. 3.5m 1.08 1.33 1.40 1.31 1.32 1.57 1.78 1.12 1.04 0.78 0.68 0.40 0.23 0.20 
P. man A.C. 3.5m 0.54 0.62 1.14 0.69 0.76 1.14 0.94 0.70 0.53 0.43 0.30 0.17 0.10 0.11 
P. man A.C. 3.5m 0.32 0.33 0.50 0.44 0.52 0.68 0.65 0.47 0.37 0.31 0.26 0.14 0.09 0.06 
D. sub H.C. 3.5m 1.64 1.90 2.02 1.80 1.79 2.69 2.27 1.47 1.16 0.97 0.69 0.35 0.20 0.15 
D. sub H.C. 3.5m 1.61 1.78 1.71 1.53 1.57 2.46 1.89 1.28 1.01 0.71 0.57 0.30 0.17 0.11 
D. sub A.C. 3.5m 1.32 1.43 1.42 1.28 1.25 1.72 1.61 0.97 0.80 0.58 0.44 0.20 0.11 0.12 
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D. sub H.C. 3.5m 1.20 1.28 1.23 1.15 1.12 1.57 1.41 0.93 0.69 0.52 0.41 0.20 0.12 0.10 
D. sub H.C. 3.5m 0.95 1.00 0.99 0.91 0.90 1.18 1.13 0.72 0.58 0.41 0.33 0.17 0.09 0.07 
D. sub A.C. 3.5m 0.59 0.66 0.65 0.62 0.61 0.76 0.76 0.50 0.38 0.30 0.21 0.14 0.06 0.05 
D. sub H.C. 3.5m 0.93 1.03 0.99 0.96 0.88 1.35 1.06 0.71 0.57 0.46 0.33 0.16 0.09 0.07 
D. sub H.C. 3.5m 0.65 0.70 0.73 0.70 0.77 0.97 0.96 0.64 0.49 0.38 0.29 0.18 0.08 0.06 
D. sub H.C. 3.5m 0.66 0.77 0.76 0.75 0.74 0.94 0.91 0.59 0.50 0.36 0.28 0.16 0.08 0.05 
P. man H.C. 3.5m 0.47 0.57 0.69 0.53 0.57 0.71 0.65 0.45 0.29 0.27 0.18 0.09 0.04 0.06 
P. man H.C. 3.5m 0.37 0.35 0.36 0.37 0.37 0.48 0.50 0.30 0.24 0.18 0.14 0.08 0.05 0.04 
P. man A.C. 3.5m 0.31 0.37 0.40 0.37 0.40 0.49 0.45 0.30 0.23 0.16 0.15 0.07 0.05 0.02 
D. sub H.C. 3.5m 0.51 0.57 0.61 0.65 0.55 0.66 0.71 0.43 0.35 0.27 0.18 0.10 0.05 0.04 
D. sub A.C. 3.5m 0.27 0.33 0.34 0.31 0.32 0.40 0.41 0.25 0.19 0.15 0.12 0.06 0.03 0.03 
D. sub A.C. 3.5m 0.16 0.19 0.20 0.21 0.20 0.26 0.29 0.19 0.12 0.12 0.08 0.04 0.02 0.02 
D. sub H.C. 3.5m 1.63 1.97 2.00 1.82 1.80 3.21 2.24 1.44 1.10 0.90 0.62 0.40 0.20 0.20 
D. sub A.C. 3.5m 1.11 1.16 1.08 0.92 0.90 1.67 1.20 0.79 0.71 0.53 0.41 0.22 0.12 0.09 
D. sub H.C. 3.5m 1.78 2.05 2.02 1.91 1.87 2.50 2.33 1.43 1.18 0.93 0.69 0.38 0.21 0.16 
D. sub B.C. 3.5m 1.23 1.35 1.29 1.17 1.15 1.76 1.36 0.97 0.75 0.57 0.41 0.24 0.13 0.09 
D. sub H.C. 3.5m 0.80 0.86 0.88 0.83 0.80 1.26 1.11 0.69 0.49 0.39 0.30 0.14 0.09 0.07 
D. sub A.C. 3.5m 0.09 0.13 0.14 0.11 0.13 0.15 0.15 0.10 0.08 0.06 0.04 0.02 0.02 0.02 
  D. sub 1.06 1.17 1.16 1.05 1.04 1.61 1.31 0.85 0.67 0.53 0.39 0.22 0.12 0.10 
  P. man 0.52 0.60 0.75 0.62 0.66 0.85 0.83 0.56 0.45 0.36 0.29 0.16 0.09 0.08 
  STDEV 
(D. sub) 
0.51 0.57 0.57 0.51 0.50 0.86 0.63 0.40 0.32 0.26 0.19 0.11 0.06 0.05 
  STDEV 
(P. man) 
0.29 0.38 0.43 0.36 0.35 0.43 0.50 0.31 0.31 0.23 0.20 0.12 0.07 0.07 
  SE (D. 
sub) 
0.10 0.10 0.10 0.09 0.09 0.16 0.11 0.07 0.06 0.05 0.03 0.02 0.01 0.01 
  SE (P. 
man) 
0.12 0.07 0.08 0.07 0.06 0.08 0.09 0.06 0.06 0.04 0.04 0.02 0.01 0.01 
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D. sub H.C. A.20 0.77 2.27 3.51 3.54 3.41 4.43 3.71 2.45 2.01 1.51 1.14 0.66 0.32 0.25 
D. sub H.C. A.20 0.69 1.94 2.98 3.17 3.28 3.92 3.37 2.45 1.97 1.42 1.00 0.54 0.27 0.22 
D. sub H.C. A.20 0.63 1.86 2.82 2.85 2.82 3.54 2.95 2.16 1.72 1.26 0.90 0.47 0.27 0.19 
D. sub H.C. A.20 1.00 2.98 4.73 5.07 5.26 6.78 5.19 3.94 3.25 2.37 1.69 1.00 0.49 0.39 
D. sub H.C. A.20 0.79 2.32 3.30 3.39 3.35 4.94 3.48 2.61 2.01 1.39 1.04 0.60 0.30 0.25 
D. sub A.C. A.20 0.85 2.40 3.83 4.19 4.00 5.29 4.16 3.00 2.44 1.77 1.33 0.75 0.39 0.25 
D. sub H.C. A.20 0.99 2.70 4.14 4.17 4.43 6.27 4.42 3.29 2.63 1.85 1.48 0.78 0.40 0.32 
D. sub H.C. A.20 0.83 2.69 4.11 4.19 4.29 5.76 4.40 3.13 2.54 1.93 1.39 0.80 0.40 0.31 
D. sub A.C. A.20 0.59 1.68 2.48 2.71 2.72 3.34 3.00 2.03 1.60 1.14 0.88 0.49 0.24 0.18 
P. grac H.C. A.20 1.21 3.52 5.83 6.58 7.05 6.78 6.93 5.48 4.34 3.33 2.59 1.57 0.89 0.68 
P. grac H.C. A.20 1.31 3.68 6.09 6.46 7.01 8.34 7.00 5.44 4.38 3.25 2.53 1.48 0.84 0.63 
P. grac B.C. A.20 1.42 3.88 6.13 6.78 7.57 6.78 7.77 5.92 5.06 3.78 2.89 1.78 0.98 0.82 
D. sub H.C. A.20 0.93 2.96 4.43 4.80 4.92 6.43 5.09 3.72 3.03 2.20 1.63 0.91 0.52 0.36 
D. sub H.C. A.20 0.80 2.38 4.22 4.40 4.52 5.71 4.59 3.37 2.68 2.00 1.48 0.87 0.42 0.32 
D. sub H.C. A.20 1.03 3.15 5.02 5.55 5.62 7.63 5.79 4.30 3.49 2.70 1.97 1.17 0.63 0.49 
D. sub H.C. A.20 0.99 3.14 5.14 5.38 5.46 7.40 5.56 4.16 3.40 2.54 1.83 1.04 0.52 0.42 
D. sub H.C. A.20 0.86 2.68 3.93 3.95 3.93 6.00 4.14 2.89 2.25 1.71 1.22 0.72 0.43 0.27 
D. sub H.C. A.20 0.80 2.39 3.53 3.55 3.52 5.15 3.76 2.65 2.16 1.62 1.17 0.63 0.31 0.25 
D. sub H.C. A.20 0.96 2.79 3.96 3.97 3.87 5.68 4.14 2.76 2.30 1.75 1.33 0.75 0.37 0.30 
D. sub H.C. A.20 0.80 2.34 3.48 3.46 3.37 4.68 3.61 2.57 2.01 1.54 1.09 0.57 0.30 0.24 
D. sub H.C. A.20 0.90 2.49 3.71 4.07 3.87 5.06 4.10 2.86 2.40 1.70 1.24 0.67 0.38 0.26 
D. sub H.C. A.20 1.35 4.11 6.77 7.73 8.23 8.96 8.20 6.07 4.96 3.62 2.65 1.65 0.84 0.69 
D. sub H.C. A.20 1.07 3.20 4.64 5.26 5.41 7.19 5.36 4.06 3.21 2.48 1.86 1.09 0.61 0.48 
D. sub A.C. A.20 0.70 2.15 3.16 3.47 3.50 4.24 3.54 2.49 2.01 1.52 1.09 0.64 0.33 0.26 
D. sub H.C. A.20 1.17 3.92 6.31 7.20 7.66 7.74 7.55 5.94 4.87 3.69 2.76 1.57 0.88 0.66 
D. sub H.C. A.20 0.96 2.95 4.34 4.54 4.54 5.99 4.76 3.31 2.73 2.01 1.53 0.92 0.48 0.36 
D. sub A.C. A.20 0.75 2.22 3.35 3.30 3.28 4.25 3.52 2.53 2.02 1.46 1.07 0.60 0.33 0.25 
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  D. sub 0.88 2.66 4.08 4.33 4.39 5.68 4.52 3.28 2.65 1.97 1.45 0.83 0.43 0.33 
  P. grac 1.32 3.69 6.02 6.61 7.21 7.30 7.23 5.61 4.59 3.45 2.67 1.61 0.90 0.71 
  STDEV 
(D. sub) 
0.17 0.59 1.02 1.24 1.38 1.44 1.30 1.05 0.87 0.66 0.49 0.31 0.17 0.13 
  STDEV 
(P. grac) 
0.10 0.18 0.16 0.16 0.31 0.90 0.47 0.27 0.41 0.29 0.19 0.15 0.07 0.10 
  SE (D. 
sub) 
0.04 0.11 0.20 0.24 0.26 0.28 0.25 0.20 0.17 0.13 0.09 0.06 0.03 0.03 
  SE (P. 
grac) 
0.06 0.04 0.03 0.03 0.06 0.17 0.09 0.05 0.08 0.06 0.04 0.03 0.01 0.02 
                 
D. sub H.C. A.1 0.36 1.18 1.98 2.26 3.17 2.71 2.90 2.02 1.65 1.14 0.78 0.44 0.24 0.23 
D. sub H.C. A.1 0.32 0.93 1.66 1.95 2.86 2.32 2.51 1.82 1.32 0.84 0.67 0.42 0.27 0.20 
D. sub A.C. A.1 0.32 0.88 1.69 2.24 3.15 2.62 2.79 2.16 1.58 1.02 0.77 0.44 0.31 0.25 
D. sub H.C. A.1 0.97 2.91 5.35 6.81 9.53 8.26 8.00 6.12 4.47 3.00 1.94 1.10 0.62 0.53 
D. sub H.C. A.1 1.02 3.20 6.48 8.20 11.19 9.55 9.81 7.12 5.32 3.40 2.31 1.27 0.73 0.64 
D. sub H.C. A.1 1.20 3.71 7.28 9.68 12.68 10.63 10.75 8.13 5.94 4.05 2.55 1.40 0.84 0.71 
D. sub H.C. A.1 0.78 2.58 5.35 7.20 9.53 8.20 8.39 6.12 4.38 2.81 1.73 0.93 0.48 0.37 
D. sub A.C. A.1 0.78 2.54 5.03 6.96 9.08 7.59 7.60 5.62 4.08 2.60 1.73 0.89 0.49 0.35 
D. sub A.C. A.1 0.74 2.37 4.76 6.40 8.41 7.25 7.25 5.28 3.87 2.46 1.56 0.76 0.41 0.29 
D. sub H.C. A.1 0.08 0.30 0.67 0.83 1.10 1.06 0.92 0.68 0.49 0.34 0.22 0.13 0.07 0.07 
D. sub H.C. A.1 0.10 0.36 0.71 0.97 1.21 1.13 1.10 0.76 0.60 0.38 0.29 0.19 0.10 0.09 
D. sub A.C. A.1 0.09 0.34 0.69 0.84 1.31 1.12 1.10 0.83 0.65 0.39 0.35 0.21 0.10 0.08 
P. grac H.C. A.1 0.82 2.46 4.56 5.66 7.68 8.40 6.95 5.00 3.72 2.42 1.66 0.99 0.49 0.44 
P. grac H.C. A.1 0.91 2.84 5.79 6.37 8.65 9.66 7.27 5.32 4.02 2.70 1.85 0.86 0.59 0.43 
P. grac H.C. A.1 0.88 2.86 5.22 6.46 8.97 9.83 7.58 5.54 4.06 2.65 1.72 0.90 0.55 0.43 
P. man B.C. A.1 1.02 3.04 6.12 8.02 11.17 7.22 10.30 7.88 6.47 4.74 3.33 2.15 1.31 1.15 
P. man H.C. A.1 0.33 1.04 2.09 2.69 3.98 3.46 3.30 2.31 1.66 1.06 0.68 0.43 0.29 0.20 
P. man A.C. A.1 0.19 0.85 1.51 1.52 2.01 1.90 1.75 1.34 0.88 0.61 0.47 0.27 0.21 0.17 
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D. sub H.C. A.1 0.41 1.34 2.49 3.33 4.38 3.60 3.82 2.71 2.20 1.34 0.87 0.51 0.29 0.21 
D. sub A.C. A.1 0.48 1.86 2.89 3.72 5.14 4.39 4.33 3.39 2.33 1.55 1.02 0.59 0.34 0.32 
D. sub A.C. A.1 0.16 0.62 1.16 1.57 2.16 1.80 2.06 1.39 1.00 0.65 0.45 0.25 0.13 0.14 
D. sub H.C. A.1 0.87 2.86 5.72 7.35 9.84 9.66 8.56 6.46 4.85 2.99 2.10 1.10 0.59 0.45 
D. sub H.C. A.1 0.87 2.85 5.57 7.14 9.66 9.41 8.22 6.24 4.44 2.88 1.90 1.00 0.59 0.44 
D. sub H.C. A.1 0.84 2.80 5.50 7.23 9.80 8.83 8.24 5.98 4.44 2.80 1.93 1.08 0.59 0.45 
D. sub H.C. A.1 0.94 2.90 5.61 7.26 9.91 9.68 8.69 6.43 4.91 3.13 2.18 1.21 0.71 0.57 
D. sub H.C. A.1 0.75 2.35 4.61 5.96 8.11 7.80 7.15 5.18 3.80 2.36 1.62 0.85 0.42 0.37 
D. sub A.C. A.1 0.52 1.59 3.06 3.99 5.42 4.80 4.83 3.45 2.52 1.58 1.07 0.60 0.29 0.22 
P. grac H.C. A.1 0.90 2.71 5.05 6.37 8.72 9.19 7.77 5.92 4.42 2.97 2.00 1.25 0.77 0.55 
P. grac H.C. A.1 0.87 2.37 4.44 5.84 7.77 7.01 7.12 5.52 4.34 3.05 2.18 1.33 0.80 0.72 
P. grac H.C. A.1 0.95 2.83 5.44 7.35 9.86 9.68 8.78 6.43 5.11 3.42 2.44 1.43 0.97 0.72 
  D. sub 0.60 1.93 3.73 4.85 6.56 5.83 5.67 4.19 3.09 1.99 1.34 0.73 0.41 0.33 
  P. grac 0.89 2.68 5.08 6.34 8.61 8.96 7.58 5.62 4.28 2.87 1.97 1.13 0.70 0.55 
  P. man 0.51 1.64 3.24 4.08 5.72 4.19 5.12 3.85 3.01 2.14 1.49 0.95 0.60 0.51 
  STDEV 
(D. sub) 
0.34 1.07 2.14 2.82 3.75 3.41 3.19 2.39 1.75 1.14 0.73 0.39 0.22 0.18 
  STDEV 
(P. grac) 
0.04 0.21 0.51 0.59 0.81 1.09 0.66 0.50 0.48 0.35 0.29 0.24 0.18 0.14 
  STDEV 
(P. man) 
0.45 1.21 2.51 3.47 4.82 2.74 4.55 3.53 3.03 2.27 1.60 1.04 0.62 0.56 
  SE (D. 
sub) 
0.07 0.23 0.47 0.62 0.82 0.74 0.70 0.52 0.38 0.25 0.16 0.08 0.05 0.04 
  SE (P. 
grac) 
0.02 0.09 0.21 0.24 0.33 0.44 0.27 0.20 0.20 0.14 0.12 0.10 0.07 0.06 
  SE (P. 
man) 
0.26 0.70 1.45 2.00 2.78 1.58 2.63 2.04 1.75 1.31 0.92 0.60 0.36 0.32 
                 
P. grac H.C. 1.5m 4.53 4.99 5.73 6.17 6.70 4.79 7.81 5.56 4.68 3.91 3.30 2.37 1.46 1.32 
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P. grac A.C. 1.5m 1.62 1.57 1.89 1.86 2.07 1.89 2.49 1.73 1.60 1.12 1.04 0.69 0.49 0.37 
P. grac A.C. 1.5m 0.45 0.35 0.37 0.45 0.50 0.48 0.56 0.36 0.33 0.24 0.20 0.15 0.07 0.07 
D. sub H.C. 1.5m 0.84 0.85 0.88 0.79 0.82 1.00 0.85 0.55 0.42 0.37 0.24 0.18 0.09 0.07 
D. sub H.C. 1.5m 0.57 0.53 0.51 0.50 0.49 0.57 0.66 0.37 0.30 0.25 0.19 0.10 0.07 0.05 
D. sub A.C. 1.5m 0.47 0.41 0.50 0.53 0.47 0.50 0.56 0.33 0.33 0.24 0.18 0.12 0.07 0.07 
D. sub H.C. 1.5m 0.98 0.85 0.89 0.79 0.72 1.13 0.84 0.48 0.42 0.32 0.25 0.13 0.09 0.07 
D. sub H.C. 1.5m 0.87 0.76 0.74 0.67 0.60 0.85 0.72 0.45 0.34 0.26 0.20 0.13 0.09 0.07 
D. sub A.C. 1.5m 0.77 0.68 0.70 0.64 0.60 0.69 0.70 0.43 0.34 0.21 0.20 0.14 0.09 0.21 
P. grac H.C. 1.5m 3.48 4.02 4.95 4.96 5.44 4.56 6.18 4.48 3.91 3.15 2.74 1.80 1.11 0.91 
P. grac H.C. 1.5m 2.02 2.29 2.88 2.89 3.39 2.90 3.93 2.79 2.61 2.09 1.68 1.15 0.72 0.63 
D. sub H.C. 1.5m 0.52 0.46 0.62 0.47 0.41 0.51 0.51 0.35 0.24 0.20 0.14 0.10 0.07 0.05 
D. sub A.C. 1.5m 0.52 0.50 0.52 0.46 0.49 0.53 0.59 0.36 0.28 0.24 0.17 0.12 0.07 0.06 
D. sub A.C. 1.5m 0.46 0.40 0.41 0.39 0.38 0.47 0.43 0.29 0.23 0.20 0.18 0.09 0.06 0.05 
P. man B.C. 1.5m 1.36 1.38 1.55 1.55 1.55 1.67 1.87 1.15 0.96 0.71 0.62 0.40 0.26 0.25 
P. man H.C. 1.5m 1.08 1.10 1.26 1.24 1.20 1.52 1.35 0.89 0.71 0.54 0.41 0.28 0.15 0.15 
P. man A.C. 1.5m 0.21 0.22 0.27 0.29 0.31 0.33 0.36 0.24 0.21 0.15 0.12 0.08 0.04 0.03 
P. grac H.C. 1.5m 0.97 1.01 1.30 1.23 1.31 1.24 1.43 0.87 0.76 0.63 0.51 0.32 0.20 0.16 
P. grac H.C. 1.5m 0.50 0.52 0.68 0.64 0.72 0.73 0.87 0.56 0.49 0.34 0.29 0.18 0.10 0.08 
P. grac A.C. 1.5m 0.18 0.20 0.29 0.29 0.36 0.30 0.37 0.26 0.20 0.18 0.12 0.07 0.06 0.04 
D. sub B.C. 1.5m 0.63 0.61 0.69 0.67 0.67 0.67 0.76 0.48 0.34 0.29 0.24 0.13 0.09 0.08 
D. sub H.C. 1.5m 0.22 0.21 0.25 0.25 0.29 0.24 0.26 0.17 0.14 0.11 0.09 0.06 0.03 0.03 
P. grac H.C. 1.5m 0.95 0.91 0.95 0.84 0.81 1.10 0.98 0.63 0.49 0.42 0.33 0.23 0.18 0.15 
P. grac H.C. 1.5m 0.90 0.85 0.77 0.69 0.70 0.93 0.83 0.53 0.46 0.49 0.29 0.21 0.12 0.12 
P. grac A.C. 1.5m 0.56 0.51 0.53 0.49 0.51 0.55 0.60 0.37 0.31 0.24 0.18 0.13 0.07 0.05 
P. grac H.C. 1.5m 1.03 1.02 1.26 1.25 1.32 1.19 1.55 1.03 0.92 0.69 0.56 0.46 0.28 0.22 
P. grac A.C. 1.5m 0.98 1.19 1.52 1.65 1.75 1.56 2.00 1.38 1.22 1.01 0.77 0.46 0.33 0.27 
P. grac A.C. 1.5m 0.69 0.70 0.94 1.04 1.10 1.07 1.29 0.93 0.73 0.67 0.49 0.34 0.23 0.18 
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  D. sub 0.62 0.57 0.61 0.56 0.54 0.65 0.63 0.39 0.31 0.25 0.19 0.12 0.07 0.07 
  P. grac 1.35 1.44 1.72 1.75 1.90 1.66 2.21 1.53 1.34 1.08 0.89 0.61 0.39 0.33 
  P. man 0.88 0.90 1.02 1.03 1.02 1.17 1.19 0.76 0.63 0.47 0.39 0.26 0.15 0.15 
  STDEV 
(D. sub) 
0.22 0.20 0.20 0.17 0.16 0.26 0.18 0.10 0.08 0.07 0.05 0.03 0.02 0.05 
  STDEV 
(P. grac) 
1.24 1.41 1.68 1.77 1.95 1.43 2.25 1.63 1.41 1.16 1.00 0.69 0.43 0.38 
  STDEV 
(P. man) 
0.60 0.60 0.67 0.66 0.64 0.73 0.77 0.47 0.39 0.29 0.25 0.16 0.11 0.11 
  SE (D. 
sub) 
0.07 0.04 0.04 0.03 0.03 0.05 0.03 0.02 0.02 0.01 0.01 0.01 0.00 0.01 
  SE (P. 
grac) 
0.33 0.27 0.32 0.33 0.37 0.27 0.43 0.31 0.27 0.22 0.19 0.13 0.08 0.07 
  SE (P. 
man) 
0.35 0.11 0.13 0.12 0.12 0.14 0.14 0.09 0.07 0.05 0.05 0.03 0.02 0.02 
                 
D. sub H.C. 2.0m 0.76 0.71 0.92 0.83 0.83 0.75 0.80 0.47 0.33 0.25 0.19 0.10 0.06 0.05 
D. sub H.C. 2.0m 0.28 0.35 0.37 0.36 0.37 0.34 0.34 0.21 0.17 0.12 0.09 0.05 0.02 0.02 
D. sub A.C. 2.0m 0.37 0.37 0.48 0.44 0.44 0.40 0.48 0.28 0.21 0.15 0.11 0.06 0.04 0.03 
D. sub H.C. 2.0m 0.98 1.08 1.23 1.16 1.15 1.17 1.16 0.68 0.50 0.37 0.28 0.17 0.10 0.11 
D. sub H.C. 2.0m 0.61 0.62 0.73 0.80 0.62 0.66 0.74 0.39 0.28 0.21 0.17 0.08 0.05 0.05 
D. sub A.C. 2.0m 0.50 0.51 0.62 0.56 0.64 0.59 0.64 0.39 0.28 0.22 0.16 0.09 0.05 0.06 
D. sub H.C. 2.0m 1.00 0.98 1.18 1.17 1.06 1.04 1.06 0.65 0.50 0.31 0.29 0.16 0.10 0.08 
D. sub A.C. 2.0m 0.83 0.79 0.94 0.85 0.87 0.74 0.83 0.47 0.33 0.21 0.17 0.07 0.06 0.04 
D. sub A.C. 2.0m 0.95 0.81 1.02 1.05 0.99 0.81 0.82 0.51 0.38 0.31 0.23 0.09 0.07 0.07 
D. sub H.C. 2.0m 0.65 0.66 0.81 1.12 0.72 0.72 0.82 0.44 0.33 0.25 0.23 0.13 0.07 0.05 
D. sub H.C. 2.0m 0.43 0.43 0.54 0.50 0.50 0.45 0.58 0.32 0.24 0.18 0.13 0.09 0.04 0.03 
D. sub A.C. 2.0m 0.41 0.40 0.52 0.51 0.50 0.45 0.53 0.33 0.22 0.19 0.16 0.09 0.06 0.04 
D. sub H.C. 2.0m 0.72 0.93 0.83 0.83 0.77 0.82 0.87 0.49 0.36 0.27 0.18 0.12 0.06 0.05 
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D. sub H.C. 2.0m 0.46 0.60 0.63 0.55 0.54 0.55 0.63 0.34 0.27 0.20 0.12 0.10 0.06 0.04 
D. sub H.C. 2.0m 0.46 0.64 0.57 0.55 0.55 0.60 0.49 0.33 0.27 0.19 0.13 0.07 0.04 0.03 
D. sub H.C. 2.0m 0.62 0.67 0.71 0.72 0.70 0.65 0.68 0.42 0.32 0.21 0.15 0.08 0.07 0.04 
D. sub H.C. 2.0m 0.68 0.69 0.80 0.81 0.85 0.74 0.87 0.48 0.36 0.26 0.22 0.11 0.06 0.08 
D. sub A.C. 2.0m 0.55 0.58 0.97 0.73 0.79 0.81 0.84 0.55 0.38 0.29 0.24 0.13 0.07 0.07 
D. sub H.C. 2.0m 0.95 0.89 1.07 1.03 0.94 0.86 0.98 0.59 0.37 0.29 0.23 0.14 0.09 0.08 
D. sub H.C. 2.0m 1.06 1.09 1.35 1.32 1.39 1.29 1.46 0.81 0.69 0.50 0.36 0.20 0.15 0.13 
D. sub A.C. 2.0m 0.65 0.70 0.82 0.83 0.88 0.77 0.92 0.56 0.44 0.29 0.22 0.14 0.09 0.06 
P. man H.C. 2.0m 0.84 1.14 1.16 1.15 1.14 0.85 1.31 0.79 0.60 0.53 0.39 0.22 0.17 0.13 
P. man H.C. 2.0m 0.42 0.37 0.56 0.50 0.47 0.44 0.49 0.31 0.24 0.16 0.13 0.10 0.04 0.02 
P. man A.C. 2.0m 0.08 0.07 0.41 0.13 0.12 0.17 0.18 0.12 0.11 0.10 0.08 0.05 0.03 0.02 
D. sub H.C. 2.0m 0.55 0.55 0.65 0.64 0.66 0.61 0.64 0.39 0.30 0.22 0.21 0.11 0.04 0.07 
D. sub H.C. 2.0m 0.35 0.36 0.45 0.40 0.42 0.46 0.49 0.29 0.23 0.22 0.16 0.08 0.06 0.03 
D. sub H.C. 2.0m 0.30 0.28 0.36 0.42 0.41 0.40 0.44 0.30 0.23 0.16 0.12 0.09 0.05 0.03 
D. sub H.C. 2.0m 1.24 1.49 1.79 1.74 1.78 1.64 1.91 1.05 0.79 0.71 0.56 0.33 0.21 0.17 
D. sub H.C. 2.0m 0.92 0.99 1.22 1.19 1.24 1.12 1.29 0.70 0.61 0.49 0.36 0.21 0.12 0.12 
D. sub H.C. 2.0m 0.83 0.98 1.19 1.17 1.24 1.23 1.18 0.78 0.57 0.44 0.34 0.22 0.10 0.12 
  D. sub 0.67 0.71 0.84 0.83 0.81 0.77 0.83 0.49 0.37 0.28 0.21 0.12 0.07 0.07 
  P. man 0.45 0.53 0.71 0.59 0.58 0.48 0.66 0.41 0.32 0.27 0.20 0.12 0.08 0.06 
  STDEV 
(D. sub) 
0.26 0.28 0.34 0.34 0.34 0.31 0.35 0.19 0.15 0.13 0.10 0.06 0.04 0.04 
  STDEV 
(P. man) 
0.38 0.55 0.39 0.52 0.51 0.35 0.58 0.34 0.26 0.23 0.16 0.09 0.08 0.07 
  SE (D. 
sub) 
0.05 0.05 0.06 0.06 0.06 0.06 0.06 0.04 0.03 0.02 0.02 0.01 0.01 0.01 
  SE (P. 
man) 
0.22 0.10 0.07 0.09 0.09 0.06 0.11 0.06 0.05 0.04 0.03 0.02 0.01 0.01 
                 
D. sub H.C. A.9 0.98 3.07 6.34 8.38 11.89 8.92 10.56 8.14 6.79 4.97 3.59 2.32 1.24 1.02 
 91 
D. sub H.C. A.9 1.10 3.48 7.25 9.26 12.85 9.48 11.18 9.01 7.44 5.38 3.84 2.38 1.50 1.10 
D. sub H.C. A.9 1.16 3.58 7.63 10.18 13.86 10.65 12.90 9.95 8.31 5.79 4.47 2.68 1.69 1.26 
P. grac H.C. A.9 1.22 3.79 8.43 11.36 15.71 10.46 13.76 10.98 9.21 6.63 4.98 3.31 1.81 1.41 
P. grac A.C. A.9 0.73 2.47 5.78 6.90 10.09 8.33 8.48 6.72 5.24 3.65 2.49 1.56 0.89 0.69 
P. grac A.C. A.9 0.26 1.03 2.22 2.77 3.71 3.30 2.98 2.30 1.92 1.24 0.88 0.52 0.30 0.21 
D. sub H.C. A.9 0.47 1.67 3.81 4.66 6.47 5.56 5.39 4.12 3.27 2.25 1.46 0.83 0.46 0.35 
D. sub A.C. A.9 0.39 1.42 3.04 3.84 5.06 4.51 4.36 3.32 2.56 1.80 1.19 0.70 0.35 0.27 
D. sub A.C. A.9 0.31 1.15 2.49 3.19 4.27 3.86 3.67 2.86 2.15 1.46 1.00 0.56 0.31 0.26 
P. grac H.C. A.9 0.88 3.03 6.68 8.44 11.86 10.46 9.83 7.89 6.18 4.22 3.04 1.83 1.11 0.85 
P. grac A.C. A.9 0.74 2.55 5.27 7.02 9.37 8.94 8.18 6.30 4.98 3.50 2.40 1.41 0.80 0.57 
P. grac A.C. A.9 0.79 2.59 5.61 7.40 9.87 9.13 8.28 6.83 5.34 3.62 2.55 1.44 0.82 0.61 
D. sub H.C. A.9 0.97 2.95 6.58 8.91 12.11 9.69 10.49 8.90 7.35 5.10 3.58 2.32 1.33 0.93 
D. sub H.C. A.9 1.05 3.30 6.99 9.47 13.12 9.30 11.48 8.82 7.18 5.02 3.58 2.27 1.23 0.93 
D. sub A.C. A.9 1.24 3.76 7.90 10.62 14.70 10.08 12.58 10.39 8.53 6.04 4.36 2.69 1.59 1.19 
D. sub A.C. A.9 0.99 3.33 6.89 9.12 12.11 10.27 10.30 7.67 6.35 4.26 2.92 1.82 1.02 0.70 
D. sub H.C. A.9 0.87 3.09 6.38 8.64 11.59 10.28 9.53 7.51 5.90 4.03 2.98 1.61 0.85 0.65 
D. sub H.C. A.9 0.79 2.61 5.32 6.90 9.51 9.63 8.22 6.32 4.87 3.37 2.15 1.24 0.67 0.49 
D. sub A.C. A.9 0.69 2.27 4.44 5.66 7.64 7.70 6.65 5.04 3.89 2.51 1.77 0.95 0.56 0.40 
D. sub H.C. A.9 0.90 2.89 5.93 7.61 10.38 10.09 9.18 6.80 5.51 3.90 2.73 1.52 0.93 0.70 
D. sub H.C. A.9 0.85 2.63 5.45 7.08 9.50 9.17 8.48 6.34 4.79 3.32 2.33 1.31 0.67 0.60 
D. sub H.C. A.9 0.79 2.45 4.94 6.43 8.50 8.33 7.60 5.63 4.38 3.05 2.14 1.10 0.64 0.50 
P. man H.C. A.9 0.35 1.21 2.81 3.51 4.59 4.39 4.16 3.18 2.80 1.53 1.33 0.63 0.33 0.29 
P. man H.C. A.9 0.38 1.55 2.77 3.57 5.08 4.91 4.61 3.40 2.82 1.86 1.30 0.73 0.38 0.29 
P. man A.C. A.9 0.16 0.62 1.03 1.43 2.02 1.92 1.85 1.37 1.07 0.72 0.50 0.30 0.16 0.11 
  D. sub 0.85 2.73 5.71 7.50 10.22 8.59 8.91 6.93 5.58 3.89 2.76 1.64 0.94 0.71 
  P. grac 0.77 2.58 5.66 7.32 10.10 8.44 8.58 6.84 5.48 3.81 2.72 1.68 0.96 0.72 
  P. man 0.30 1.12 2.20 2.84 3.90 3.74 3.54 2.65 2.23 1.37 1.04 0.55 0.29 0.23 
 92 
  STDEV 
(D. sub) 
0.27 0.77 1.61 2.25 3.13 2.12 2.79 2.29 1.99 1.43 1.09 0.72 0.45 0.33 
  STDEV 
(P. grac) 
0.31 0.90 2.03 2.77 3.90 2.66 3.46 2.80 2.34 1.72 1.33 0.91 0.49 0.40 
  STDEV 
(P. man) 
0.12 0.47 1.02 1.22 1.65 1.60 1.49 1.11 1.00 0.59 0.47 0.22 0.11 0.10 
  SE (D. 
sub) 
0.07 0.15 0.32 0.45 0.63 0.42 0.56 0.46 0.40 0.29 0.22 0.14 0.09 0.07 
  SE (P. 
grac) 
0.13 0.18 0.41 0.55 0.78 0.53 0.69 0.56 0.47 0.34 0.27 0.18 0.10 0.08 
  SE (P. 
man) 
0.07 0.09 0.20 0.24 0.33 0.32 0.30 0.22 0.20 0.12 0.09 0.04 0.02 0.02 
                 
D. sub H.C. P.7 1.13 3.25 5.74 6.70 8.67 9.15 7.75 5.30 4.02 2.47 1.56 0.89 0.46 0.37 
D. sub H.C. P.7 0.97 4.02 5.21 6.61 7.86 8.80 7.04 5.00 3.48 2.18 1.47 0.75 0.42 0.30 
D. sub A.C. P.7 0.81 2.21 4.24 4.76 6.32 6.23 5.71 3.90 2.78 1.68 1.08 0.55 0.31 0.24 
P. grac H.C. P.7 0.53 1.47 2.80 3.13 3.66 2.81 3.35 2.26 1.62 1.04 0.66 0.40 0.23 0.17 
P. grac A.C. P.7 0.57 1.24 1.99 2.32 3.06 2.74 2.96 1.87 1.29 0.82 0.52 0.26 0.17 0.12 
P. grac A.C. P.7 0.17 0.45 0.66 0.76 1.28 1.01 1.18 0.65 0.47 0.29 0.23 0.11 0.07 0.06 
D. sub H.C. P.7 1.01 2.54 4.81 5.19 6.18 6.48 5.52 3.77 2.84 1.66 1.02 0.57 0.31 0.21 
D. sub A.C. P.7 0.70 1.91 2.97 3.28 4.20 4.06 4.12 2.55 1.77 1.15 0.73 0.32 0.17 0.15 
D. sub A.C. P.7 0.48 1.28 2.05 2.50 3.12 2.78 2.88 1.89 1.23 0.79 0.49 0.22 0.12 0.09 
D. sub H.C. P.7 1.02 2.67 4.92 5.57 7.24 7.60 6.55 4.66 3.07 1.93 1.25 0.67 0.37 0.26 
D. sub H.C. P.7 0.88 2.30 4.18 4.98 6.49 6.60 5.90 4.06 2.83 1.70 1.07 0.55 0.29 0.24 
D. sub H.C. P.7 0.83 2.44 3.85 4.66 5.89 6.02 5.43 3.72 2.56 1.61 1.00 0.49 0.27 0.22 
D. sub H.C. P.7 0.64 1.62 2.82 3.78 3.50 3.38 3.35 2.14 1.47 0.93 0.61 0.32 0.14 0.12 
D. sub A.C. P.7 0.43 1.32 1.88 2.24 2.70 2.34 2.62 1.76 1.20 0.74 0.50 0.22 0.14 0.12 
D. sub A.C. P.7 0.46 1.03 2.22 2.11 2.63 2.35 2.62 1.57 1.05 0.66 0.42 0.19 0.10 0.08 
D. sub H.C. P.7 0.99 2.44 4.12 4.34 5.37 5.71 5.04 3.17 2.35 1.39 0.98 0.47 0.28 0.23 
 93 
D. sub H.C. P.7 0.95 2.61 3.90 4.78 5.33 5.74 4.91 3.07 2.18 1.22 0.89 0.45 0.28 0.19 
D. sub A.C. P.7 0.85 2.11 3.51 3.83 4.81 4.46 4.44 2.92 1.91 1.15 0.83 0.42 0.22 0.16 
D. sub H.C. P.7 1.01 2.36 3.60 3.95 5.19 5.47 4.83 3.26 2.12 1.38 0.89 0.44 0.25 0.22 
D. sub H.C. P.7 0.57 1.56 2.36 2.53 3.21 2.90 3.07 2.00 1.35 0.90 0.58 0.23 0.14 0.12 
D. sub A.C. P.7 0.36 0.82 1.42 1.62 2.29 2.02 2.04 1.41 0.92 0.61 0.41 0.18 0.12 0.10 
D. sub H.C. P.7 1.25 3.07 5.38 6.11 7.62 7.50 7.32 4.70 3.27 2.09 1.39 0.66 0.35 0.26 
D. sub H.C. P.7 1.78 3.47 5.98 6.67 8.45 8.26 8.35 5.58 4.06 2.80 1.92 1.13 0.65 0.55 
D. sub H.C. P.7 1.15 2.79 4.79 5.34 6.74 6.70 6.22 4.16 2.89 1.74 1.10 0.56 0.29 0.23 
D. sub H.C. P.7 1.20 3.51 6.94 7.70 10.23 9.62 8.71 6.29 4.64 2.76 1.88 0.93 0.56 0.44 
D. sub H.C. P.7 1.21 3.52 6.53 7.70 10.14 9.67 9.23 6.47 4.72 2.91 1.91 1.04 0.56 0.46 
D. sub H.C. P.7 1.16 3.25 6.18 7.14 9.21 9.97 8.52 6.23 4.40 2.82 1.81 1.02 0.57 0.40 
D. sub A.C. P.7 1.15 2.80 4.85 5.19 6.54 7.23 5.92 3.93 2.71 1.78 1.12 0.58 0.32 0.25 
D. sub A.C. P.7 0.94 2.26 3.79 4.19 5.32 5.69 5.00 3.23 2.28 1.38 1.09 0.44 0.24 0.16 
D. sub A.C. P.7 0.87 1.95 3.02 3.33 4.49 4.46 4.23 2.60 1.88 1.11 0.73 0.36 0.22 0.19 
  D. sub 0.92 2.41 4.12 4.70 5.92 5.97 5.46 3.68 2.59 1.61 1.06 0.54 0.30 0.24 
  P. grac 0.43 1.06 1.82 2.07 2.67 2.19 2.50 1.59 1.13 0.72 0.47 0.25 0.15 0.12 
  STDEV 
(D. sub) 
0.31 0.82 1.49 1.73 2.27 2.41 2.02 1.49 1.11 0.70 0.46 0.27 0.15 0.12 
  STDEV 
(P. grac) 
0.22 0.53 1.08 1.20 1.24 1.02 1.16 0.84 0.59 0.38 0.22 0.15 0.08 0.06 
  SE 
(D. sub) 
0.06 0.15 0.27 0.32 0.42 0.44 0.37 0.27 0.20 0.13 0.08 0.05 0.03 0.02 
  SE 
(P. grac) 
0.13 0.10 0.20 0.22 0.23 0.19 0.21 0.15 0.11 0.07 0.04 0.03 0.02 0.01 
                 
P. grac H.C. 4.8m 1.20 1.32 1.43 1.32 1.41 2.22 1.75 1.23 1.09 0.82 0.64 0.44 0.22 0.18 
P. grac H.C. 4.8m 0.84 0.95 1.01 0.94 1.01 1.34 1.21 0.84 0.76 0.60 0.46 0.23 0.13 0.11 
P. grac A.C. 4.8m 0.63 0.75 0.84 0.78 0.87 1.13 1.04 0.75 0.65 0.47 0.37 0.21 0.11 0.10 
D. sub H.C. 4.8m 1.67 2.01 2.15 1.96 2.12 3.44 2.64 1.77 1.38 1.10 0.87 0.47 0.25 0.20 
 94 
D. sub H.C. 4.8m 1.73 1.97 2.09 1.92 2.05 3.66 2.62 1.72 1.50 1.09 0.86 0.52 0.25 0.21 
D. sub A.C. 4.8m 1.68 1.63 1.71 1.54 1.52 3.14 1.87 1.28 1.07 0.81 0.65 0.38 0.20 0.18 
D. sub H.C. 4.8m 1.30 1.58 1.70 1.59 1.70 2.24 2.03 1.47 1.24 0.95 0.77 0.51 0.25 0.19 
D. sub B.C. 4.8m 2.06 2.63 2.89 2.70 2.86 2.77 3.48 2.43 2.14 1.69 1.43 0.96 0.52 0.42 
D. sub H.C. 4.8m 1.02 1.06 1.27 1.22 1.34 1.82 1.57 1.14 1.01 0.84 0.64 0.37 0.24 0.18 
D. sub B.C. 4.8m 1.51 2.01 2.39 2.23 2.58 2.42 2.92 2.12 1.85 1.41 1.11 0.75 0.41 0.30 
D. sub H.C. 4.8m 1.38 1.49 1.77 1.76 1.93 2.97 2.28 1.76 1.49 1.15 0.90 0.57 0.36 0.24 
D. sub H.C. 4.8m 1.13 1.25 1.41 1.38 1.57 2.21 1.78 1.28 1.09 0.87 0.69 0.43 0.26 0.21 
D. sub H.C. 4.8m 1.65 2.63 3.22 3.12 3.80 4.15 4.08 3.22 2.86 2.17 1.71 1.13 0.61 0.48 
D. sub H.C. 4.8m 1.52 2.44 2.98 2.85 3.26 4.27 3.37 2.69 2.32 1.84 1.41 0.93 0.51 0.39 
D. sub H.C. 4.8m 1.30 2.06 2.47 2.34 2.74 3.70 2.89 2.29 2.10 1.56 1.22 0.72 0.39 0.32 
D. sub H.C. 4.8m 1.34 2.20 2.65 2.68 3.12 2.35 3.35 2.70 2.29 1.91 1.48 1.06 0.63 0.52 
D. sub H.C. 4.8m 1.43 2.29 2.85 2.71 3.23 2.55 3.41 2.67 2.40 1.87 1.53 1.02 0.63 0.49 
D. sub A.C. 4.8m 1.24 2.08 2.53 2.49 3.02 3.35 3.26 2.53 2.24 1.66 1.31 0.80 0.41 0.37 
D. sub H.C. 4.8m 1.45 1.56 1.66 1.55 1.60 2.39 1.86 1.36 1.06 0.82 0.65 0.36 0.20 0.18 
D. sub H.C. 4.8m 1.49 1.65 1.66 1.56 1.56 2.56 1.95 1.30 1.07 0.97 0.60 0.37 0.19 0.15 
D. sub A.C. 4.8m 1.41 1.53 1.62 1.44 1.48 2.34 1.82 1.24 0.99 0.77 0.58 0.34 0.18 0.15 
P. ram A.C. 4.8m 0.73 1.19 1.34 1.42 1.52 1.50 1.72 1.34 1.15 0.88 0.68 0.47 0.24 0.19 
P. ram A.C. 4.8m 0.53 0.91 1.13 1.08 1.27 1.23 1.37 1.04 0.92 0.68 0.55 0.32 0.22 0.16 
P. ram A.C. 4.8m 0.55 0.85 1.16 1.05 1.30 1.18 1.41 0.98 0.90 0.66 0.53 0.35 0.18 0.15 
P. ram A.C. 4.8m 1.98 3.22 4.09 3.86 4.77 3.88 5.19 3.98 3.59 2.82 2.32 1.58 0.98 0.83 
P. ram A.C. 4.8m 1.58 2.75 3.28 3.24 3.77 3.15 3.93 3.04 2.74 2.16 1.74 1.23 0.73 0.63 
P. ram A.C. 4.8m 1.18 1.95 2.42 2.46 2.83 2.49 2.96 2.36 2.10 1.70 1.37 0.90 0.56 0.49 
D. sub H.C. 4.8m 1.66 2.59 3.28 3.08 3.76 4.12 4.09 3.18 2.77 2.27 1.68 1.14 0.65 0.53 
D. sub H.C. 4.8m 1.50 2.40 2.85 2.75 3.29 4.21 3.63 2.71 2.32 1.82 1.47 0.93 0.52 0.39 
D. sub H.C. 4.8m 1.40 2.04 2.51 2.45 2.88 3.89 3.31 2.48 2.20 1.74 1.29 0.84 0.48 0.33 
  D. sub 1.47 1.96 2.27 2.16 2.45 3.07 2.77 2.06 1.78 1.40 1.09 0.69 0.39 0.31 
 95 
  P. grac 0.89 1.01 1.10 1.02 1.10 1.57 1.33 0.94 0.84 0.63 0.49 0.29 0.16 0.13 
  P. ram 1.09 1.81 2.24 2.19 2.58 2.24 2.76 2.12 1.90 1.48 1.20 0.81 0.48 0.41 
  STDEV 
(D. sub) 
0.23 0.45 0.62 0.61 0.81 0.78 0.80 0.68 0.63 0.49 0.39 0.28 0.16 0.13 
  STDEV 
(P. grac) 
0.29 0.29 0.30 0.28 0.28 0.58 0.37 0.26 0.23 0.18 0.14 0.13 0.06 0.05 
  STDEV 
(P. ram) 
0.60 1.00 1.25 1.19 1.47 1.12 1.56 1.22 1.11 0.89 0.74 0.52 0.33 0.29 
  SE (D. 
sub) 
0.05 0.08 0.11 0.11 0.15 0.14 0.15 0.12 0.11 0.09 0.07 0.05 0.03 0.02 
  SE (P. 
grac) 
0.17 0.05 0.06 0.05 0.05 0.11 0.07 0.05 0.04 0.03 0.03 0.02 0.01 0.01 
  SE (P. 
ram) 





















La Y Ho Y/Ho Th REE 
sum 
               
D. sub H.C. P.11 0.45 6.30 1.04 1.16 0.56 1.09 20.30 13.00 0.39 33.33 71.95 156.14 
D. sub A.C. P.11 0.44 5.67 0.88 1.41 0.86 1.14 23.80 13.30 0.44 30.23 43.82 195.22 
D. sub A.C. P.11 0.40 7.17 1.07 1.02 0.64 1.03 20.00 11.50 0.33 34.95 37.30 144.72 




9.40 29.57 26.66 3560.8
2 
P. grac H.C. P.11 0.29 4.72 1.09 1.03 0.49 0.84 122.0
0 
87.00 2.90 30.00 17.37 1210.0
7 
P. man H.C. P.11 0.41 8.22 1.21 0.77 0.52 1.27 15.70 8.50 0.29 29.31 12.24 124.72 
P. man A.C. P.11 0.25 5.63 1.06 0.94 0.71 0.90 11.90 9.00 0.21 42.45 7.83 111.27 
P. man B.C. P.11 0.33 4.67 1.01 0.96 1.01 0.86 69.00 44.00 1.67 26.35 5.38 589.29 
 96 
D. sub H.C. P.11 0.46 8.03 1.11 0.95 0.59 1.25 24.70 15.20 0.41 37.07 3.76 184.03 
D. sub A.C. P.11 0.36 6.91 1.06 1.01 0.68 1.06 13.20 8.27 0.21 39.57 3.08 100.04 
D. sub H.C. P.11 0.50 8.81 1.00 1.06 0.85 1.29 35.10 17.50 0.52 33.72 2.44 245.81 
D. sub H.C. P.11 0.50 9.00 1.01 1.00 0.93 1.17 34.50 19.10 0.43 44.52 1.92 233.82 
D. sub A.C. P.11 0.46 10.15 1.01 1.12 0.68 1.14 30.10 16.60 0.45 36.73 1.65 232.16 
D. sub A.C. P.11 0.44 8.49 1.06 1.03 0.66 1.06 28.30 15.00 0.43 34.72 1.33 209.28 
D. sub H.C. P.11 0.45 6.92 1.11 1.00 0.58 1.41 49.70 30.90 0.90 34.33 2.43 348.29 
D. sub A.C. P.11 0.49 8.63 1.09 1.00 0.64 1.39 43.60 23.20 0.63 36.83 2.42 285.53 
D. sub H.C. P.11 0.38 7.73 1.03 1.00 0.79 1.47 51.30 33.00 0.90 36.67 1.20 416.65 
P. grac H.C. P.11 0.26 3.94 1.10 1.00 0.49 0.81 63.00 49.00 1.73 28.32 1.11 635.91 
P. grac H.C. P.11 0.29 5.95 1.08 1.07 0.48 0.91 36.30 26.60 0.85 31.29 23.82 363.01 
P. grac A.C. P.11 0.42 7.91 1.13 0.96 0.55 1.18 16.40 13.10 0.29 45.02 14.67 123.04 
D. sub H.C. P.11 0.50 7.82 1.09 0.97 0.65 1.13 16.10 9.11 0.28 32.19 5.87 110.50 
D. sub A.C. P.11 0.37 5.39 1.03 1.03 0.76 1.17 10.00 6.90 0.22 31.08 4.91 77.11 
D. sub A.C. P.11 0.40 5.41 1.09 1.06 0.54 1.05 7.18 5.21 0.14 36.18 0.97 57.14 
D. sub H.C. P.11 0.76 9.09 1.16 0.90 0.64 1.36 40.50 18.30 0.45 40.67 0.36 218.74 
D. sub H.C. P.11 0.81 9.91 1.04 1.01 0.81 1.48 45.50 19.20 0.46 41.74 0.16 242.29 
D. sub A.C. P.11 0.53 8.53 1.01 0.99 0.94 1.07 35.80 20.00 0.47 42.55 0.08 226.18 
D. sub H.C. P.11 0.35 7.78 1.20 0.88 0.48 1.08 41.10 23.50 0.72 32.64 0.07 306.80 
D. sub A.C. P.11 0.33 7.30 1.46 0.73 0.27 0.97 25.70 17.00 0.48 35.42 0.05 213.41 
D. sub A.C. P.11 0.31 6.45 1.24 0.91 0.36 1.10 31.00 22.90 0.61 37.54 0.35 270.40 
  Averag
e 
0.42 7.15 1.09 1.00 0.65 1.12 46.30 30.13 0.94 35.34 10.18 385.94 
               
D. sub H.C. P.14 0.65 6.51 0.95 1.15 0.95 1.31 23.80 13.90 0.35 39.60 0.12 148.65 
 97 
D. sub H.C. P.14 0.63 7.53 1.13 0.86 0.76 1.28 10.00 5.45 0.17 32.83 0.07 55.11 
D. sub A.C. P.14 0.59 5.45 1.21 0.82 0.58 1.41 13.30 7.80 0.24 32.64 0.04 81.08 
D. sub A.C. P.14 0.85 13.11 1.07 0.93 0.86 1.36 33.20 14.20 0.31 45.37 0.02 158.30 
D. sub B.C. P.14 0.60 9.16 1.06 0.93 0.85 1.47 33.50 18.20 0.37 49.19 0.02 195.74 
D. sub B.C. P.14 0.59 6.98 1.04 0.96 0.90 1.53 36.90 20.30 0.52 39.04 0.02 221.10 
D. sub H.C. P.14 0.90 9.42 1.21 0.86 0.64 1.76 36.10 15.20 0.40 37.81 0.04 171.91 
D. sub A.C. P.14 0.72 7.15 1.16 1.02 0.54 1.37 39.70 20.20 0.48 42.08 0.05 223.49 
D. sub A.C. P.14 0.71 8.00 1.05 0.90 1.02 1.35 20.60 13.00 0.24 54.62 21.10 100.51 
D. sub H.C. P.14 0.55 4.39 1.46 0.76 0.35 1.65 35.10 29.00 0.75 38.67 10.42 219.72 
D. sub H.C. P.14 0.58 5.40 0.98 1.04 1.01 1.35 20.10 11.30 0.33 34.56 2.72 119.06 
D. sub A.C. P.14 0.50 4.37 1.53 0.69 0.32 1.22 17.10 13.00 0.38 33.94 1.36 111.10 
D. sub A.C. P.14 0.49 6.14 1.15 0.85 0.73 1.16 9.40 6.40 0.16 40.51 0.35 53.92 
D. sub H.C. P.14 0.66 7.00 0.98 1.39 0.53 1.45 23.70 12.70 0.29 43.79 0.16 162.99 
D. sub B.C. P.14 0.66 9.64 1.09 0.90 0.81 1.58 27.30 14.50 0.33 44.62 0.07 150.48 
D. sub A.C. P.14 0.95 8.81 1.23 0.89 0.58 1.47 27.10 11.10 0.27 41.57 0.05 132.48 
D. sub H.C. P.14 0.93 14.28 1.00 0.93 1.19 1.52 35.60 12.50 0.29 42.96 0.03 163.37 
D. sub H.C. P.14 0.92 12.69 1.23 0.79 0.69 1.56 42.30 16.30 0.36 44.78 0.02 192.26 
D. sub H.C. P.14 0.94 12.78 0.92 0.86 2.97 1.44 28.90 9.80 0.22 45.58 0.01 138.36 
D. sub A.C. P.14 0.76 10.73 0.97 0.88 1.73 1.45 23.40 9.30 0.25 36.76 0.01 123.10 
D. sub A.C. P.14 0.63 9.32 1.60 0.73 0.30 1.45 24.00 9.82 0.29 34.10 0.01 139.89 
D. sub H.C. P.14 0.72 8.79 0.96 0.92 1.55 1.34 50.00 21.80 0.57 38.25 0.02 259.83 
D. sub H.C. P.14 0.82 15.13 1.20 0.91 0.57 1.53 33.20 12.80 0.33 39.14 0.05 179.82 
D. sub A.C. P.14 0.78 11.62 0.99 0.99 1.09 1.33 20.30 9.10 0.20 45.96 0.08 109.32 
D. sub H.C. P.14 0.77 8.63 0.81 1.27 1.79 1.36 22.80 10.30 0.29 35.52 24.85 130.26 
D. sub A.C. P.14 0.70 6.79 1.79 0.63 0.29 1.31 17.20 9.50 0.22 43.98 10.29 91.26 
 98 
D. sub A.C. P.14 0.62 13.05 1.13 0.85 0.79 1.26 12.37 5.63 0.18 30.60 4.42 66.97 
D. sub H.C. P.14 0.56 4.83 0.81 0.89 -2.12 1.41 12.90 7.70 0.22 35.00 2.03 79.55 
P. man A.C. P.14 0.30 5.18 0.75 0.90 -1.31 1.04 4.70 5.20 0.12 45.22 1.17 30.01 
P. man A.C. P.14 0.55 4.27 0.76 1.10 -3.31 1.13 8.80 6.30 0.19 33.69 2.01 55.48 
  Averag
e 
0.69 8.57 1.11 0.92 0.59 1.39 24.78 12.41 0.31 40.08 2.72 135.50 
               
D. sub H.C. A.18 0.18 1.84 1.32 0.77 0.24 1.11 26.10 48.50 1.59 30.50 0.88 349.00 
D. sub H.C. A.18 0.15 1.39 1.07 1.08 0.35 1.09 28.90 61.80 2.19 28.22 0.61 489.33 
D. sub A.C. A.18 0.16 1.41 1.13 0.89 0.39 1.00 20.80 43.00 1.55 27.74 0.43 310.53 
P. man H.C. A.18 0.17 1.05 1.15 0.87 0.41 0.85 53.70 120.0
0 
4.39 27.33 0.32 749.00 
P. man A.C. A.18 0.16 1.39 1.07 0.89 0.62 0.94 20.10 39.30 1.38 28.48 0.27 289.40 
P. man A.C. A.18 0.20 1.89 1.05 1.15 0.43 1.14 20.00 30.70 1.26 24.37 0.42 267.07 
D. sub H.C. A.18 0.13 1.13 1.12 0.94 0.35 1.08 37.20 90.90 3.26 27.88 0.15 646.93 
D. sub A.C. A.18 0.11 1.23 1.08 0.89 0.54 0.98 31.50 86.00 2.75 31.27 0.06 551.05 
D. sub A.C. A.18 0.15 1.15 1.21 0.92 0.24 1.08 37.10 85.00 2.94 28.91 0.04 619.77 
D. sub H.C. A.18 0.12 1.03 1.14 0.84 0.38 0.87 40.90 109.4
0 
3.93 27.84 0.03 704.05 
D. sub H.C. A.18 0.10 0.73 1.10 0.86 0.45 0.70 39.20 132.4
0 
4.80 27.58 0.04 768.72 
D. sub A.C. A.18 0.12 1.02 1.21 0.81 0.29 1.09 9.00 22.90 0.80 28.63 0.01 145.40 
D. sub H.C. A.18 0.14 1.23 1.15 0.88 0.36 0.98 49.00 116.3
0 
3.85 30.21 0.01 762.72 
D. sub H.C. A.18 0.16 1.33 1.13 0.93 0.36 1.22 49.30 107.4
0 
3.75 28.64 0.01 760.01 
D. sub A.C. A.18 0.18 1.55 1.09 0.96 0.46 1.23 44.40 87.00 2.77 31.41 23.68 626.88 
D. sub H.C. A.18 0.08 0.53 1.03 0.84 1.61 0.62 53.40 208.3 8.51 24.48 11.64 1166.9
 99 
0 7 
D. sub A.C. A.18 0.09 0.55 1.07 0.84 0.69 0.69 50.60 188.5
0 
7.40 25.47 5.75 1056.0
9 
D. sub A.C. A.18 0.10 0.66 1.12 0.82 0.43 0.84 47.60 156.6
0 
6.00 26.10 2.39 936.50 
P. grac A.C. A.18 0.11 0.89 1.07 0.91 0.54 0.83 37.10 97.00 3.79 25.59 1.06 704.85 
P. grac A.C. A.18 0.11 0.77 1.16 0.81 0.32 0.68 46.00 134.4
0 
5.18 25.95 0.53 876.25 
P. grac H.C. A.18 0.10 0.71 1.11 0.84 0.42 0.66 41.60 145.7
0 
5.17 28.18 0.39 848.96 
P. grac A.C. A.18 0.11 1.14 1.12 0.90 0.37 1.01 34.60 84.20 3.19 26.39 0.19 649.38 
P. grac A.C. A.18 0.09 0.72 1.11 0.84 0.43 0.66 44.20 142.3
0 
5.14 27.68 0.10 897.99 
P. grac H.C. A.18 0.10 0.63 1.06 0.82 0.83 0.62 48.40 169.7
0 
6.55 25.91 0.06 978.41 
D. sub A.C. A.18 0.12 1.25 1.11 0.89 0.41 1.07 27.50 64.90 2.45 26.49 0.03 491.14 
D. sub A.C. A.18 0.12 1.15 1.13 0.87 0.36 1.06 27.00 62.70 2.39 26.23 0.02 491.39 
D. sub A.C. A.18 0.11 1.16 1.09 0.92 0.45 1.08 34.20 82.80 3.11 26.62 0.02 643.52 
P. grac A.C. A.18 0.18 1.11 1.49 0.73 0.18 1.08 16.90 42.00 1.33 31.58 0.01 210.52 
P. grac A.C. A.18 0.15 0.89 0.99 0.88 3.34 1.01 6.40 16.50 0.57 28.95 0.01 98.10 
P. grac A.C. A.18 0.16 1.15 1.14 0.90 0.39 1.08 29.40 67.00 2.41 27.80 0.01 429.66 
  Averag
e 
0.13 1.09 1.13 0.88 0.55 0.95 35.07 94.77 3.48 27.75 1.64 617.32 
               
D. sub H.C. P.10 0.66 10.74 1.07 1.02 0.70 1.31 44.10 18.10 0.46 39.35 0.01 253.29 
D. sub A.C. P.10 0.60 11.29 1.06 1.05 0.68 1.12 41.00 18.30 0.47 39.02 0.01 252.10 
D. sub A.C. P.10 0.56 10.00 1.09 0.99 0.65 1.15 39.00 18.90 0.47 40.21 16.19 245.02 
P. grac A.C. P.10 0.27 2.48 0.96 1.12 0.97 1.04 24.50 30.00 0.82 36.59 12.95 237.69 
 100 
P. grac A.C. P.10 0.30 2.42 1.31 0.81 0.33 0.94 19.70 22.30 0.63 35.40 9.65 177.16 
P. grac A.C. P.10 0.29 2.60 1.44 0.79 0.27 0.98 23.60 25.00 0.82 30.49 7.80 201.32 
P. man H.C. P.10 0.31 4.67 0.93 0.98 5.57 1.04 23.40 17.50 0.58 30.17 3.71 221.10 
P. man A.C. P.10 0.23 6.51 1.74 0.67 0.17 1.11 17.90 13.60 0.39 35.32 2.38 164.77 
P. man A.C. P.10 0.36 5.62 0.84 1.03 -
11.85 
0.81 16.00 9.40 0.34 27.65 1.49 118.87 
P. grac A.C. P.10 0.45 5.45 1.02 1.29 0.52 0.94 3.10 2.21 0.13 17.00 0.71 23.16 
P. grac A.C. P.10 0.36 6.75 1.43 0.84 0.28 1.09 6.40 4.80 0.15 32.00 0.49 49.24 
P. grac H.C. P.10 0.38 6.50 1.04 0.96 0.82 1.08 19.80 12.40 0.39 31.79 0.37 154.92 
D. sub A.C. P.10 0.25 5.40 1.13 0.97 0.47 1.00 32.20 27.90 0.83 33.61 0.30 301.56 
D. sub A.C. P.10 0.30 7.74 1.20 0.99 0.35 0.99 23.70 16.80 0.49 34.50 0.22 221.75 
D. sub A.C. P.10 0.28 7.42 1.18 0.91 0.44 0.94 20.00 16.20 0.43 37.94 0.18 177.89 
D. sub H.C. P.10 0.52 7.14 1.02 0.94 1.03 1.36 47.60 26.20 0.68 38.64 0.14 319.83 
D. sub A.C. P.10 0.45 4.79 1.03 1.02 0.78 1.34 46.70 34.60 0.93 37.20 0.13 319.04 
D. sub A.C. P.10 0.56 5.39 1.15 0.92 0.63 1.24 48.20 29.90 0.79 37.85 0.10 277.96 
P. man H.C. P.10 0.31 6.16 1.07 0.94 0.71 0.97 21.70 14.40 0.48 30.00 0.08 178.73 
P. man A.C. P.10 0.40 4.41 1.90 0.76 0.15 1.11 24.50 17.60 0.50 35.20 0.06 207.47 
P. man A.C. P.10 0.36 6.69 0.83 1.77 0.58 1.10 26.30 19.50 0.50 39.00 11.58 270.97 
D. sub A.C. P.10 0.34 5.55 1.09 0.93 0.68 0.98 42.10 28.60 0.90 31.78 4.34 333.03 
D. sub A.C. P.10 0.30 4.37 1.03 1.24 0.45 1.06 30.80 23.60 0.73 32.15 3.14 316.72 
D. sub A.C. P.10 0.28 6.76 1.13 0.92 0.52 0.98 26.10 18.60 0.59 31.74 2.51 229.92 
D. sub A.C. P.10 0.30 3.27 1.35 0.79 0.34 1.04 3.59 4.29 0.14 30.21 1.18 29.23 
D. sub H.C. P.10 0.40 16.76 1.09 1.06 0.56 1.05 3.86 2.41 0.06 39.51 1.00 26.89 
D. sub H.C. P.10 0.34 4.58 1.10 1.01 0.56 1.24 39.10 31.80 0.92 34.57 0.72 319.21 
D. sub H.C. P.10 0.32 3.73 1.07 1.01 0.62 1.17 40.40 32.50 0.97 33.51 0.63 339.69 
 101 
D. sub A.C. P.10 0.31 3.73 1.15 0.91 0.52 0.99 30.80 27.90 0.77 36.23 15.56 254.26 
  Averag
e 
0.37 6.17 1.15 0.99 0.29 1.08 27.11 19.49 0.56 34.09 3.37 214.58 
               
D. sub H.C. P.13 0.61 9.83 1.04 1.01 0.79 1.46 50.60 22.40 0.61 36.72 4.97 299.16 
D. sub H.C. P.13 0.74 10.12 1.42 0.78 0.45 1.33 38.40 20.40 0.40 51.00 2.64 189.10 
D. sub A.C. P.13 0.75 12.88 1.13 0.89 0.78 1.20 33.50 12.00 0.34 35.82 1.96 158.95 
D. sub H.C. P.13 0.68 10.96 1.77 0.69 0.31 1.16 23.30 13.80 0.29 47.59 0.89 116.40 
D. sub H.C. P.13 0.67 8.04 1.04 1.18 0.59 1.40 29.40 17.60 0.37 47.57 0.79 184.57 
D. sub A.C. P.13 0.78 9.80 1.37 0.82 0.41 1.12 24.70 10.10 0.27 36.86 0.84 140.34 
D. sub A.C. P.13 0.50 7.95 0.71 2.12 0.79 1.10 5.60 5.30 0.10 55.21 1.05 53.11 
D. sub A.C. P.13 0.55 8.02 0.95 1.30 0.68 1.29 5.65 3.40 0.08 42.50 1.34 42.80 
D. sub A.C. P.13 1.50 16.57 0.82 0.77 7.93 1.13 22.00 5.00 0.14 34.97 1.52 75.35 
D. sub H.C. P.13 0.72 11.29 0.97 1.14 0.86 1.47 45.90 19.20 0.43 44.65 1.06 270.06 
D. sub H.C. P.13 0.72 15.44 1.05 0.92 0.94 1.38 50.20 19.20 0.53 36.23 0.64 265.98 
D. sub H.C. P.13 0.71 13.02 0.97 0.98 1.25 1.44 47.80 19.80 0.40 49.62 0.39 267.62 
P. man H.C. P.13 0.88 9.62 0.94 0.95 1.54 1.88 9.90 4.10 0.09 45.56 0.36 48.90 
P. man A.C. P.13 0.63 8.64 1.76 0.65 0.28 1.28 5.50 3.60 0.08 44.44 0.50 30.74 
P. man A.C. P.13 0.40 3.69 1.06 1.29 0.46 1.07 6.30 5.60 0.14 40.00 0.63 46.74 
D. sub A.C. P.13 0.35 2.38 1.26 0.91 0.41 1.08 11.30 11.40 0.42 27.14 0.58 82.70 
D. sub A.C. P.13 0.46 3.26 1.02 1.26 0.53 1.05 15.90 13.10 0.38 34.47 0.62 120.20 
D. sub H.C. P.13 0.37 3.72 0.81 1.41 2.45 1.22 14.10 15.70 0.42 37.38 0.80 128.20 
P. grac H.C. P.13 0.52 5.94 1.35 0.77 0.39 1.11 34.60 21.50 0.62 34.68 0.96 232.76 
P. grac H.C. P.13 0.74 12.87 0.89 1.44 0.73 1.39 12.90 4.90 0.14 34.75 0.78 82.41 
P. grac A.C. P.13 0.52 5.99 1.02 1.21 0.60 1.15 9.50 5.20 0.16 31.71 0.48 61.77 
 102 
P. grac H.C. P.13 0.38 3.94 1.02 0.90 1.21 0.79 39.00 26.40 0.78 33.85 0.30 285.11 
P. grac H.C. P.13 0.57 6.77 0.80 1.56 1.02 1.14 22.00 14.50 0.38 38.16 0.29 156.47 
P. grac H.C. P.13 0.42 5.94 0.78 1.84 0.80 1.01 9.90 6.90 0.18 37.91 0.18 102.95 
D. sub A.C. P.13 0.52 4.85 0.80 1.37 2.21 1.27 11.10 7.20 0.22 32.73 0.13 80.34 
D. sub A.C. P.13 0.57 6.04 1.02 0.81 1.58 1.25 18.00 13.00 0.27 48.15 12.49 117.66 
D. sub A.C. P.13 0.80 9.16 0.99 0.99 1.05 0.95 17.00 12.00 0.24 50.00 8.15 83.08 
D. sub A.C. P.13 0.71 12.95 1.13 0.90 0.72 1.24 22.10 9.00 0.24 36.89 3.57 118.44 
D. sub A.C. P.13 0.69 13.49 0.96 0.97 1.39 1.23 24.30 9.30 0.28 33.21 2.23 132.66 
D. sub H.C. P.13 0.76 16.25 0.98 1.17 0.79 1.21 28.40 9.00 0.28 32.03 1.88 159.31 
  Averag
e 
0.64 8.98 1.06 1.10 1.13 1.23 22.96 12.02 0.31 39.73 1.77 137.80 
               
D. sub H.C. A.13 0.07 0.64 1.07 0.79 0.97 0.75 44.00 159.0
0 
6.62 24.02 0.81 977.83 
D. sub H.C. A.13 0.07 0.70 1.10 0.81 0.52 0.89 41.60 132.0
0 
5.67 23.28 0.44 932.67 
D. sub H.C. A.13 0.08 0.91 1.06 0.91 0.55 1.04 38.40 109.0
0 
4.52 24.12 0.35 853.72 
D. sub H.C. A.13 0.08 0.73 1.08 0.80 0.74 0.77 55.10 173.0
0 
7.02 24.64 0.35 1140.3
5 
D. sub H.C. A.13 0.08 0.78 1.04 0.82 1.38 0.80 55.90 169.0
0 
6.85 24.67 0.39 1148.9
6 
D. sub A.C. A.13 0.08 0.71 1.02 0.81 15.03 0.93 47.90 152.0
0 
6.10 24.92 0.26 1025.0
5 
P. grac H.C. A.13 0.08 0.83 1.05 0.86 0.80 0.87 36.90 109.9
0 
4.58 24.00 0.30 800.79 
P. grac H.C. A.13 0.08 0.80 1.09 0.83 0.55 0.92 33.60 94.20 4.03 23.37 0.42 738.52 
P. grac A.C. A.13 0.08 0.86 1.08 0.84 0.59 0.94 31.00 88.50 3.73 23.73 0.41 695.15 
D. sub H.C. A.13 0.08 0.86 1.09 0.81 0.61 1.01 34.40 101.5 4.08 24.88 0.49 700.54 
 103 
0 
D. sub H.C. A.13 0.09 1.07 1.01 0.93 1.25 1.01 31.10 78.70 3.28 23.99 0.48 623.44 
D. sub A.C. A.13 0.09 1.10 1.12 0.76 0.55 1.03 33.20 77.70 3.27 23.76 0.52 611.44 
D. sub H.C. A.13 0.08 0.70 1.06 0.81 1.03 0.80 46.30 161.0
0 
6.36 25.31 0.71 1020.2
5 
D. sub H.C. A.13 0.08 0.71 1.09 0.79 0.63 0.88 49.90 169.0
0 
6.27 26.95 0.76 1065.7
0 
D. sub H.C. A.13 0.09 0.83 1.11 0.78 0.55 1.08 43.90 127.6
0 
5.25 24.30 69.22 909.92 
D. sub H.C. A.13 0.08 0.78 1.07 0.83 0.70 0.89 48.00 152.0
0 
6.01 25.29 11.09 1030.2
4 
D. sub H.C. A.13 0.08 0.71 1.03 0.81 3.77 0.93 46.50 155.0
0 
6.12 25.33 4.95 1036.3
1 
D. sub H.C. A.13 0.08 0.80 1.10 0.79 0.56 0.98 46.90 141.0
0 
5.56 25.36 5.21 977.24 
D. sub B.C. A.13 0.07 0.54 1.05 0.77 1.72 0.70 42.90 165.1
0 
6.83 24.17 8.28 998.50 
D. sub H.C. A.13 0.07 0.56 1.09 0.73 0.91 0.74 39.50 156.0
0 
6.15 25.37 4.92 907.98 
D. sub H.C. A.13 0.08 0.61 1.08 0.77 0.85 0.73 42.60 156.0
0 
6.09 25.62 6.08 894.29 
D. sub H.C. A.13 0.09 0.79 1.09 0.82 0.62 1.03 44.80 132.0
0 
5.17 25.53 6.25 890.75 
D. sub H.C. A.13 0.08 0.64 1.05 0.83 1.06 0.73 48.70 162.0
0 
6.28 25.80 4.80 1013.2
3 





5.91 23.86 2.52 911.21 
D. sub H.C. A.13 0.07 0.65 1.00 0.82 -3.34 0.71 46.00 157.0
0 
6.27 25.04 2.55 1013.0
3 
D. sub H.C. A.13 0.08 0.73 1.12 0.80 0.43 0.93 39.90 119.7
0 
4.73 25.31 3.03 852.10 
 104 
D. sub H.C. A.13 0.08 0.62 1.00 0.79 -2.84 0.63 48.20 169.0
0 
6.79 24.89 3.63 1018.3
3 
D. sub H.C. A.13 0.07 0.58 1.13 0.74 0.51 0.71 44.60 164.0
0 
6.59 24.89 3.18 936.44 
D. sub A.C. A.13 0.07 0.60 1.08 0.75 1.00 0.72 40.60 150.9
0 
5.89 25.62 7.29 948.97 
D. sub H.C. A.13 0.07 0.50 1.04 0.73 -7.28 0.66 44.90 190.0
0 





























La Y Ho Y/Ho Th REE sum 
               
D. 
sub 
A.C. P.6 0.10 1.55 1.13 0.80 0.45 0.75 46.30 95.60 3.64 26.26 71.95 825.83 
D. 
sub 
A.C. P.6 0.10 1.60 1.10 0.83 0.51 0.74 49.00 100.6
0 
3.93 25.60 43.82 893.41 
D. 
sub 
H.C. P.6 0.10 1.55 1.10 0.83 0.52 0.68 55.30 115.8
0 
4.46 25.96 37.30 1013.90 
P. 
grac 
H.C. P.6 0.16 3.92 1.14 0.90 0.40 0.92 36.60 42.40 1.50 28.27 26.66 477.91 
P. 
grac 
H.C. P.6 0.15 4.28 1.11 0.88 0.51 0.89 34.00 36.30 1.45 25.03 17.37 450.57 
P. 
grac 
H.C. P.6 0.16 4.07 1.06 0.93 0.65 0.92 31.40 35.70 1.32 27.05 12.24 410.47 
D. 
sub 
H.C. P.6 0.12 1.61 1.08 0.89 0.54 0.62 69.10 132.5
0 
4.84 27.38 7.83 1149.36 
D. 
sub 
A.C. P.6 0.11 1.68 1.09 0.89 0.50 0.61 69.70 135.1
0 
5.21 25.93 5.38 1191.41 





H.C. P.6 0.12 2.44 1.07 0.92 0.55 1.15 40.60 59.20 2.57 23.04 3.08 643.32 
D. 
sub 
H.C. P.6 0.13 2.68 1.10 0.91 0.47 1.19 37.00 56.50 2.20 25.68 2.44 565.56 
D. 
sub 
A.C. P.6 0.13 2.53 1.07 0.92 0.57 1.13 39.80 59.70 2.20 27.14 1.92 601.44 
D. 
sub 
H.C. P.6 0.11 2.21 1.15 0.86 0.36 0.86 53.70 97.40 3.81 25.56 1.65 919.57 
D. 
sub 
H.C. P.6 0.12 2.31 1.06 0.91 0.63 0.93 51.30 83.80 3.33 25.17 1.33 829.29 
D. 
sub 
A.C. P.6 0.12 2.69 1.03 0.99 0.70 0.96 52.90 83.00 3.35 24.78 2.43 897.85 
D. 
sub 
H.C. P.6 0.11 2.11 1.06 0.91 0.64 0.89 52.30 93.50 3.78 24.74 2.42 930.12 
D. 
sub 
A.C. P.6 0.11 2.15 1.09 0.86 0.52 0.88 50.60 89.90 3.60 24.97 1.20 880.55 
D. 
sub 
A.C. P.6 0.11 2.04 1.10 0.87 0.48 0.90 48.90 91.20 3.64 25.05 1.11 887.94 
D. 
sub 
B.C. P.6 0.11 1.94 1.01 0.95 1.05 0.79 56.90 103.8
0 
4.27 24.31 23.82 980.99 
D. 
sub 
H.C. P.6 0.11 1.86 1.02 0.91 1.19 0.95 52.30 98.60 4.01 24.59 14.67 924.08 
D. 
sub 
A.C. P.6 0.11 1.90 1.06 0.91 0.66 1.00 52.80 97.40 3.83 25.43 5.87 892.67 
D. 
sub 
H.C. P.6 0.16 3.72 1.09 0.93 0.51 1.16 37.80 44.20 1.43 30.91 4.91 500.97 
D. 
sub 
A.C. P.6 0.15 3.58 1.09 0.95 0.48 1.07 29.60 34.40 1.30 26.46 0.97 407.40 
D. 
sub 
A.C. P.6 0.17 4.26 1.05 0.98 0.63 0.96 23.60 25.40 0.88 28.86 0.36 296.01 
P. 
grac 
H.C. P.6 0.14 1.47 1.07 0.94 0.54 0.83 70.40 112.1
0 
4.40 25.48 0.16 1017.13 





A.C. P.6 0.15 1.47 1.08 0.90 0.58 0.90 75.50 113.4
0 
4.22 26.87 0.07 1015.73 
D. 
sub 
H.C. P.6 0.15 2.38 1.12 0.92 0.43 0.96 56.00 78.80 2.88 27.36 0.05 769.78 
D. 
sub 
A.C. P.6 0.11 1.64 1.05 0.93 0.64 0.99 43.20 76.20 2.97 25.66 0.35 744.56 
D. 
sub 
A.C. P.6 0.12 1.82 1.05 0.90 0.78 1.03 41.70 66.50 2.62 25.38 0.12 665.47 
  Average 0.13 2.35 1.08 0.91 0.59 0.91 50.17 83.57 3.24 26.03 9.84 800.33 
               
D. 
sub 
H.C. P.5 0.14 2.52 1.07 0.95 0.54 0.95 28.00 41.50 1.49 27.85 0.07 416.36 
D. 
sub 
H.C. P.5 0.13 1.98 1.00 0.96 1.20 0.85 25.80 36.40 1.49 24.43 0.04 386.46 
D. 
sub 
A.C. P.5 0.11 1.75 1.11 0.92 0.39 0.89 19.20 33.90 1.28 26.48 0.02 326.00 
D. 
sub 
H.C. P.5 0.13 1.75 1.09 0.93 0.50 1.08 55.10 81.50 3.20 25.47 0.02 815.78 
D. 
sub 
H.C. P.5 0.12 1.66 1.03 0.97 0.79 1.08 55.50 84.80 3.29 25.78 0.02 875.43 
D. 
sub 
A.C. P.5 0.12 1.69 1.07 1.01 0.44 1.06 49.90 76.30 3.08 24.77 0.04 789.51 
D. 
sub 
H.C. P.5 0.14 2.06 1.04 0.97 0.67 1.12 49.50 69.30 2.53 27.39 0.05 721.57 
D. 
sub 
H.C. P.5 0.14 2.20 1.07 0.94 0.59 1.03 45.80 64.00 2.49 25.70 21.10 669.66 
D. 
sub 
A.C. P.5 0.13 2.12 1.07 0.95 0.53 1.03 41.90 62.30 2.26 27.57 10.42 637.64 
D. 
sub 
H.C. P.5 0.12 1.92 1.02 1.06 0.58 0.96 43.00 68.00 2.70 25.19 2.72 732.59 
D. 
sub 




A.C. P.5 0.11 1.93 1.06 0.93 0.57 0.88 38.00 59.80 2.41 24.81 0.35 619.77 
D. 
sub 
H.C. P.5 0.13 2.09 1.09 0.90 0.50 0.89 34.60 53.50 1.98 27.02 0.16 547.16 
D. 
sub 
A.C. P.5 0.12 2.50 1.03 0.97 0.71 0.85 26.40 38.60 1.44 26.81 0.07 415.24 
D. 
sub 
A.C. P.5 0.13 2.25 1.04 0.94 0.77 0.84 25.30 37.70 1.42 26.49 0.05 381.06 
P. 
grac 
H.C. P.5 0.12 1.78 1.19 0.81 0.34 0.86 24.80 39.80 1.58 25.19 0.03 378.33 
P. 
grac 
A.C. P.5 0.13 1.94 1.03 1.03 0.61 0.79 21.00 35.60 1.33 26.77 0.02 336.76 
P. 
grac 
A.C. P.5 0.11 1.93 0.97 0.99 2.57 0.80 15.20 27.90 1.00 27.90 0.01 272.23 
D. 
sub 
H.C. P.5 0.08 1.74 1.06 0.87 0.71 0.81 11.40 24.70 1.04 23.75 0.01 244.01 
D. 
sub 
H.C. P.5 0.07 1.33 1.05 0.92 0.56 0.83 7.10 16.72 0.72 23.13 0.01 172.56 
D. 
sub 
A.C. P.5 0.08 1.54 1.06 0.83 0.77 0.80 10.30 22.10 0.95 23.34 0.02 220.04 
D. 
sub 
H.C. P.5 0.12 2.46 1.14 0.83 0.41 0.96 38.30 63.20 2.30 27.48 0.05 621.73 
D. 
sub 
H.C. P.5 0.12 2.58 1.04 0.94 0.73 0.96 38.50 66.80 2.48 26.94 0.08 630.26 
D. 
sub 
A.C. P.5 0.11 2.50 1.01 0.93 1.33 0.95 36.30 63.00 2.26 27.88 24.85 630.93 
D. 
sub 
H.C. P.5 0.10 1.93 1.12 0.87 0.41 0.85 25.40 46.20 1.80 25.67 10.29 446.20 
D. 
sub 
A.C. P.5 0.11 2.46 1.13 0.85 0.42 0.87 22.00 36.20 1.40 25.86 4.42 361.45 
D. 
sub 
A.C. P.5 0.10 2.24 1.12 0.86 0.44 0.81 20.66 36.30 1.46 24.86 2.03 352.78 
P. 
grac 
H.C. P.5 0.11 1.71 1.14 0.86 0.37 0.89 51.40 100.9
0 




H.C. P.5 0.10 1.84 1.08 0.90 0.55 0.98 47.00 91.50 3.61 25.35 2.01 847.20 
P. 
grac 
A.C. P.5 0.10 1.91 1.09 0.91 0.48 0.93 44.20 87.90 3.27 26.88 0.88 778.05 
  Average 0.12 2.01 1.07 0.92 0.67 0.92 33.16 54.58 2.09 25.98 2.75 541.15 
               
D. 
sub 
H.C. 4.4m 0.41 2.24 1.01 1.01 0.90 0.86 31.50 37.90 1.26 30.08 0.61 221.81 
D. 
sub 
H.C. 4.4m 0.37 1.99 1.01 1.12 0.69 0.93 22.40 29.60 0.94 31.49 0.43 175.14 
D. 
sub 
A.C. 4.4m 0.37 2.02 1.03 1.03 0.76 0.99 13.20 17.80 0.59 30.38 0.32 103.99 
P. 
grac 
H.C. 4.4m 0.40 2.26 1.01 1.06 0.81 0.78 42.60 50.50 1.60 31.56 0.27 321.77 
P. 
grac 
H.C. 4.4m 0.40 2.40 1.01 1.10 0.74 0.78 39.60 45.80 1.53 29.93 0.42 300.62 
P. 
grac 
A.C. 4.4m 0.40 2.82 1.04 1.02 0.75 0.77 25.30 28.90 0.93 31.11 0.15 186.86 
P. 
grac 
H.C. 4.4m 0.46 2.64 1.06 1.04 0.69 1.08 64.10 64.30 2.15 29.91 0.06 444.56 
P. 
grac 
A.C. 4.4m 0.47 3.12 1.03 1.05 0.75 1.15 57.10 56.40 1.82 30.99 0.04 396.81 
P. 
grac 
A.C. 4.4m 0.43 2.74 1.02 1.09 0.72 1.18 54.20 54.70 1.83 29.89 0.03 385.89 
P. 
grac 
H.C. 4.4m 0.42 2.91 1.07 1.02 0.67 0.94 25.60 28.10 0.89 31.57 0.04 183.51 
P. 
grac 
H.C. 4.4m 0.40 2.38 1.04 1.06 0.68 0.97 23.20 28.10 0.93 30.22 0.01 176.13 
P. 
grac 
A.C. 4.4m 0.41 2.44 1.06 1.02 0.71 0.97 22.80 26.30 0.81 32.47 0.01 159.90 
P. 
man 
H.C. 4.4m 0.43 2.23 0.95 1.04 1.27 1.02 29.00 36.00 1.10 32.73 0.01 207.58 
P. 
man 




A.C. 4.4m 0.43 1.75 1.38 0.92 0.30 1.08 19.90 24.90 0.83 30.00 11.64 153.95 
P. 
grac 
H.C. 4.4m 0.47 2.14 1.05 1.03 0.72 0.72 52.20 58.40 1.78 32.81 5.75 351.76 
P. 
grac 
H.C. 4.4m 0.43 2.05 1.01 1.07 0.79 0.80 50.00 60.10 1.90 31.63 2.39 356.31 
P. 
grac 
A.C. 4.4m 0.47 2.33 1.04 1.04 0.74 1.00 49.60 52.70 1.61 32.73 1.06 341.30 
D. 
sub 
H.C. 4.4m 0.43 2.74 1.01 1.08 0.76 1.00 33.00 35.20 1.07 32.90 0.53 238.70 
D. 
sub 
A.C. 4.4m 0.44 2.33 1.04 1.09 0.67 1.02 28.40 31.30 0.93 33.66 0.39 207.26 
D. 
sub 
A.C. 4.4m 0.45 2.48 1.04 1.02 0.75 0.98 26.50 29.60 0.93 31.83 0.19 188.31 
D. 
sub 
H.C. 4.4m 0.42 2.24 1.04 1.11 0.63 1.04 54.40 57.30 1.83 31.31 0.10 404.90 
D. 
sub 
H.C. 4.4m 0.43 2.38 1.06 1.09 0.61 1.05 51.80 54.20 1.66 32.65 0.06 382.34 
D. 
sub 
A.C. 4.4m 0.43 2.36 1.12 1.01 0.55 0.98 47.30 49.00 1.59 30.82 0.03 344.25 
D. 
sub 
H.C. 4.4m 0.46 2.15 1.04 1.01 0.78 0.96 47.40 48.80 1.56 31.28 0.02 324.78 
D. 
sub 
A.C. 4.4m 0.48 2.62 1.09 1.03 0.60 0.97 38.00 39.90 1.27 31.42 0.02 262.70 
D. 
sub 
A.C. 4.4m 0.48 2.80 1.03 1.07 0.74 0.93 38.70 38.30 1.16 33.02 0.01 265.08 
D. 
sub 
H.C. 4.4m 0.48 1.72 1.07 1.04 0.66 0.73 63.30 68.70 2.13 32.25 0.01 431.51 
D. 
sub 
H.C. 4.4m 0.49 2.11 1.06 1.05 0.66 1.04 49.80 48.20 1.60 30.13 0.01 343.14 
D. 
sub 
A.C. 4.4m 0.50 2.30 1.05 1.05 0.69 1.15 42.60 43.80 1.37 31.97 0.01 291.49 
  Average 0.44 2.35 1.05 1.05 0.72 0.96 38.73 42.31 1.35 31.49 1.61 276.38 








3.37 30.86 0.01 783.71 
P. 
grac 
H.C. 1m 0.60 2.38 1.01 0.96 1.06 0.81 69.00 54.00 1.70 31.76 16.19 395.29 
D. 
sub 
H.C. 1m 0.56 2.82 0.39 0.91 -0.14 0.97 2.25 1.60 0.06 27.12 12.95 20.43 
D. 
sub 
H.C. 1m 0.54 3.14 1.08 0.88 0.89 0.68 8.80 5.79 0.19 30.47 9.65 47.72 
D. 
sub 
H.C. 1m 1.00 6.50 1.07 0.84 1.06 1.15 25.00 12.90 0.38 33.86 7.80 104.54 
D. 
sub 
H.C. 1m 0.98 7.24 1.05 0.78 1.34 0.96 20.40 9.87 0.30 33.01 3.71 80.23 
D. 
sub 
B.C. 1m 0.71 5.12 1.05 0.83 1.18 0.93 12.20 8.17 0.24 33.76 2.38 66.12 
D. 
sub 
B.C. 1m 0.63 2.59 1.00 0.88 1.39 0.74 104.4
0 
89.00 2.71 32.84 1.49 572.70 
P. 
grac 
H.C. 1m 0.72 7.02 0.92 0.91 2.49 0.93 10.93 5.84 0.18 32.63 0.71 59.00 
P. 
grac 
A.C. 1m 0.57 6.10 1.15 0.82 0.79 0.94 4.05 4.80 0.09 51.06 0.49 20.79 
D. 
sub 
B.C. 1m 1.05 7.83 1.16 0.88 0.74 1.28 35.30 15.30 0.43 35.25 0.37 157.95 
D. 
sub 
H.C. 1m 1.14 8.24 1.10 0.88 0.89 1.17 26.90 10.43 0.29 36.09 0.30 113.42 
D. 
sub 
H.C. 1m 0.84 6.11 0.94 0.93 1.60 1.03 21.60 11.35 0.38 30.11 0.22 100.12 
P. 
grac 
H.C. 1m 0.65 3.74 1.10 0.92 0.77 0.78 125.0
0 
86.00 2.92 29.45 0.18 688.05 
P. 
grac 
H.C. 1m 0.74 5.18 1.03 1.07 0.77 0.90 73.00 41.70 1.43 29.16 0.14 415.02 
D. 
sub 
H.C. 1m 0.95 6.51 1.07 0.94 0.87 1.30 41.00 18.70 0.62 30.11 0.13 192.69 
D. 
sub 




H.C. 1m 0.93 5.36 1.00 0.94 1.13 1.11 41.40 20.30 0.62 32.69 0.08 201.59 
D. 
sub 
A.C. 1m 0.90 5.75 1.23 0.83 0.67 0.86 19.80 11.00 0.30 36.91 0.06 90.96 
D. 
sub 
A.C. 1m 0.85 5.43 1.03 0.83 1.26 0.90 20.30 11.90 0.32 36.84 11.58 88.26 
P. 
grac 
H.C. 1m 0.99 7.02 0.94 0.95 1.54 1.20 33.30 14.60 0.44 32.88 4.34 157.51 
P. 
grac 
H.C. 1m 0.91 6.34 1.05 0.97 0.88 1.22 34.80 16.60 0.45 37.14 3.14 170.89 
P. 
grac 
B.C. 1m 0.76 4.34 1.02 0.95 1.02 0.87 61.20 37.00 1.14 32.46 2.51 315.88 
  Average 0.81 5.36 1.02 0.90 1.06 0.98 41.56 26.32 0.82 33.67 3.41 215.67 
               
P. 
grac 




3.34 35.63 1.18 718.69 
D. 
sub 
H.C. 3m 0.87 6.11 1.02 1.00 0.92 1.11 43.10 19.10 0.58 33.10 1.00 211.43 
D. 
sub 
H.C. 3m 1.01 7.17 1.01 1.00 0.98 1.00 30.40 12.00 0.34 35.29 0.72 135.40 
D. 
sub 
A.C. 3m 0.83 4.86 1.12 0.81 0.95 0.83 20.60 11.80 0.34 34.81 0.63 91.89 
D. 
sub 
H.C. 3m 1.11 7.92 1.00 0.82 1.52 0.92 35.30 12.30 0.37 33.70 15.56 141.19 
D. 
sub 
H.C. 3m 1.07 8.87 1.02 0.96 0.99 0.90 29.20 11.20 0.28 40.43 4.97 126.13 
D. 
sub 
A.C. 3m 1.13 8.70 1.06 0.84 1.12 0.91 29.00 9.90 0.27 36.67 2.64 116.95 
P. 
grac 
H.C. 3m 0.66 2.21 1.10 0.86 0.89 0.63 120.0
0 
96.00 3.04 31.58 1.96 637.68 
P. 
grac 
A.C. 3m 0.59 2.18 1.11 0.88 0.80 0.65 104.0
0 
90.00 2.67 33.71 0.89 578.70 
D. 
sub 




H.C. 3m 0.97 6.61 1.01 0.97 1.04 1.10 33.50 13.50 0.41 33.33 0.84 155.41 
D. 
sub 
B.C. 3m 1.04 6.59 0.98 1.01 1.08 1.15 35.70 14.90 0.43 34.81 1.05 167.12 
P. 
grac 
H.C. 3m 1.04 7.27 1.03 0.89 1.13 1.18 32.00 13.60 0.33 41.72 1.34 135.12 
P. 
grac 
H.C. 3m 0.88 6.23 1.01 0.89 1.19 1.18 46.40 22.90 0.57 40.53 1.52 214.90 
P. 
grac 
A.C. 3m 0.98 8.16 0.99 0.88 1.38 1.09 30.40 12.30 0.36 33.79 1.06 131.51 
D. 
sub 
A.C. 3m 0.78 6.66 0.77 1.66 0.91 0.98 24.10 15.00 0.32 46.44 0.64 153.16 
D. 
sub 
H.C. 3m 0.45 5.11 0.89 0.74 -
63.14 
1.33 1.66 2.20 0.04 52.38 0.39 8.15 
D. 
sub 
A.C. 3m 0.36 3.49 4.27 0.35 0.09 0.47 2.60 3.00 0.07 45.45 0.36 15.42 
D. 
sub 
H.C. 3m 1.01 6.90 0.64 1.75 2.31 0.94 4.30 2.12 0.06 37.86 0.50 26.66 
D. 
sub 
H.C. 3m 0.61 2.51 0.87 0.68 -1.05 0.84 6.80 7.80 0.25 31.20 0.63 47.64 
D. 
sub 
H.C. 3m 0.85 2.83 0.93 0.68 7.08 0.88 11.50 11.50 0.31 37.10 0.58 50.19 
D. 
sub 
B.C. 3m 0.58 2.12 1.07 0.92 0.86 0.69 87.00 83.00 2.52 32.94 0.62 507.58 
D. 
sub 
H.C. 3m 0.76 5.08 1.04 0.88 1.09 0.88 47.50 28.20 0.81 34.81 0.80 229.76 
D. 
sub 
A.C. 3m 0.48 2.01 0.95 0.87 2.39 0.73 24.20 42.00 1.03 40.78 0.96 153.04 
  Average 0.82 5.41 1.12 0.92 -1.39 0.93 40.04 27.75 0.79 37.50 1.73 204.10 
               
D. 
sub 
H.C. P.12 0.92 14.42 0.84 1.12 1.91 1.35 28.90 9.10 0.35 26.00 0.78 146.31 
D. 
sub 




A.C. P.12 0.76 14.25 0.99 0.90 1.40 1.11 36.30 16.90 0.36 46.94 0.30 193.08 
D. 
sub 
H.C. P.12 1.09 19.22 0.96 1.03 1.12 1.51 41.40 12.20 0.29 41.92 0.29 189.42 
D. 
sub 
H.C. P.12 0.74 15.96 0.75 1.50 1.53 1.21 37.40 15.60 0.29 53.61 0.18 225.23 
D. 
sub 
A.C. P.12 0.97 19.62 0.83 1.21 1.61 1.26 28.70 11.40 0.21 53.52 0.13 151.81 
P. 
man 
H.C. P.12 0.68 12.04 0.95 1.07 1.13 1.07 16.80 9.50 0.16 58.28 12.49 101.88 
P. 
man 
B.C. P.12 0.63 12.48 0.97 1.08 1.00 0.92 93.00 41.60 1.02 40.78 8.15 587.57 
P. 
man 
A.C. P.12 0.68 20.10 0.95 1.06 1.14 1.14 12.80 5.58 0.13 42.60 3.57 73.38 
D. 
sub 
H.C. P.12 0.34 44.54 0.88 1.19 1.80 1.59 1.81 1.67 0.02 79.52 2.23 14.30 
D. 
sub 
H.C. P.12 0.46 7.38 1.15 0.80 0.67 1.18 3.00 3.30 0.06 55.00 1.88 21.87 
D. 
sub 
A.C. P.12 0.35 12.15 0.95 1.04 1.55 0.84 2.14 2.10 0.05 42.86 0.81 21.20 
P. 
grac 
H.C. P.12 0.55 9.04 0.71 1.49 -
41.33 
0.99 35.50 23.90 0.56 42.68 0.44 263.93 
P. 
grac 
H.C. P.12 0.40 6.07 0.87 1.05 5.44 0.92 37.00 30.00 0.65 46.15 0.35 261.56 
P. 
grac 
H.C. P.12 0.41 5.43 0.81 1.24 8.00 1.10 32.50 29.10 0.72 40.42 0.35 251.39 
D. 
sub 
H.C. P.12 0.76 12.95 0.76 1.40 2.21 1.06 38.60 25.00 0.40 62.50 0.39 242.65 
D. 
sub 
H.C. P.12 0.79 10.48 0.98 0.92 1.43 1.34 36.90 14.00 0.37 37.84 0.26 196.56 
D. 
sub 
A.C. P.12 0.72 10.48 1.04 0.94 0.93 1.07 35.50 15.50 0.42 36.90 0.30 190.40 
D. 
sub 




H.C. P.12 0.52 3.04 1.19 1.19 0.36 1.08 7.50 7.50 0.19 38.66 0.41 54.69 
D. 
sub 
A.C. P.12 0.49 3.54 1.03 1.04 0.78 1.11 9.70 7.80 0.24 33.19 0.49 62.75 
P. 
man 
B.C. P.12 0.79 12.26 1.00 1.34 0.55 1.35 21.10 10.80 0.27 40.00 0.48 136.54 
P. 
man 
H.C. P.12 0.67 9.17 0.66 1.55 -9.66 1.17 16.90 7.60 0.26 29.23 0.52 115.75 
P. 
man 
H.C. P.12 0.60 5.01 0.85 1.23 1.69 1.30 16.30 11.70 0.41 28.54 0.71 111.44 
D. 
sub 
H.C. P.12 0.66 5.99 1.08 1.01 0.70 1.14 43.00 39.00 0.63 61.90 0.76 241.17 
D. 
sub 
H.C. P.12 0.62 5.87 1.59 0.96 0.23 1.21 35.00 30.00 0.55 54.55 69.22 237.98 
D. 
sub 
A.C. P.12 0.40 5.71 0.84 1.17 4.96 1.08 37.10 29.10 0.73 39.86 11.09 281.90 




















La Y Ho Y/Ho Th REE sum 
               
D. 
sub 
H.C. P.4 0.13 1.66 1.11 0.88 0.49 1.06 44.20 81.00 2.83 28.62 71.95 642.20 
D. 
sub 
H.C. P.4 0.13 1.81 1.08 0.90 0.55 1.13 38.50 62.90 2.42 25.99 43.82 589.31 
D. 
sub 
A.C. P.4 0.13 1.70 1.12 0.89 0.42 1.06 44.50 80.00 2.85 28.07 37.30 686.74 
D. 
sub 
H.C. P.4 0.10 1.46 1.00 0.85 18.83 0.86 20.50 61.00 1.56 39.10 26.66 366.32 
D. 
sub 
H.C. P.4 0.11 1.78 0.98 0.87 -5.15 0.96 23.90 56.00 1.64 34.15 17.37 424.32 
D. 
sub 




H.C. P.4 0.11 1.49 1.09 0.94 0.43 0.91 32.60 63.90 2.52 25.36 7.83 577.29 
D. 
sub 
H.C. P.4 0.12 2.06 1.08 0.90 0.56 1.05 30.10 53.20 1.89 28.15 5.38 482.98 
D. 
sub 
A.C. P.4 0.11 1.73 1.10 0.84 0.53 0.91 27.70 50.10 1.84 27.23 3.76 458.10 
D. 
sub 
H.C. P.4 0.10 1.08 1.07 0.83 0.80 0.99 41.70 105.0
0 
3.83 27.42 3.08 801.73 
D. 
sub 
H.C. P.4 0.11 1.19 1.01 0.90 1.65 1.02 31.50 72.40 2.84 25.49 2.44 541.34 
D. 
sub 
H.C. P.4 0.09 1.30 1.11 0.81 0.48 1.04 50.60 123.0
0 
4.78 25.73 1.92 960.18 
D. 
sub 
A.C. P.4 0.10 1.35 1.16 0.87 0.30 1.03 49.80 110.0
0 
4.37 25.17 1.65 957.94 
D. 
sub 
A.C. P.4 0.11 1.53 1.20 0.86 0.28 1.07 49.80 91.00 3.42 26.61 1.33 825.33 
D. 
sub 
H.C. P.4 0.11 1.97 1.00 1.01 0.87 1.09 42.50 69.40 3.03 22.90 2.43 718.91 
D. 
sub 
H.C. P.4 0.11 1.44 1.03 0.88 1.14 1.17 35.20 71.30 3.18 22.42 2.42 639.67 
D. 
sub 
A.C. P.4 0.10 1.51 1.18 0.83 0.29 1.04 25.20 52.00 1.95 26.67 1.20 470.36 
D. 
sub 
H.C. P.4 0.09 1.68 1.42 0.77 0.12 0.89 13.40 41.00 1.18 34.75 1.11 276.41 
D. 
sub 
A.C. P.4 0.09 1.70 1.04 0.82 1.75 0.93 8.50 17.50 0.74 23.65 23.82 160.12 
D. 
sub 
A.C. P.4 0.09 1.06 0.83 0.82 -0.21 0.91 7.50 16.40 0.65 25.15 14.67 167.93 
P. 
grac 
H.C. P.4 0.10 1.24 1.05 0.99 0.53 1.00 44.00 93.00 3.83 24.28 5.87 805.50 
P. 
grac 
H.C. P.4 0.09 1.11 1.11 0.85 0.43 0.81 46.50 116.7
0 
4.53 25.76 4.91 911.54 
P. 
grac 




H.C. P.4 0.08 1.55 1.11 0.86 0.39 0.92 18.50 41.60 1.61 25.84 0.36 385.14 
D. 
sub 
H.C. P.4 0.07 1.29 1.12 0.88 0.33 0.84 9.06 24.00 0.93 25.81 0.16 214.05 
D. 
sub 
A.C. P.4 0.07 1.22 1.22 1.02 0.13 0.82 6.42 18.71 0.72 25.91 0.08 185.97 
  Avera
ge 
0.10 1.49 1.09 0.88 1.05 0.97 31.00 65.71 2.49 26.89 11.33 551.32 
               
P. 
grac 
H.C. A.5 0.06 0.61 1.03 0.78 7.23 0.75 39.80 154.0
0 
6.59 23.37 0.07 975.87 
P. 
man 
H.C. A.5 0.08 0.93 1.13 0.79 0.40 1.20 24.90 72.10 2.90 24.86 0.05 570.06 
P. 
man 
H.C. A.5 0.08 1.14 0.86 1.63 0.66 0.97 15.00 48.50 1.76 27.56 0.35 444.95 
P. 
man 
A.C. A.5 0.07 0.74 1.06 0.76 1.75 0.97 6.50 22.50 0.96 23.44 0.12 151.48 
P. 
grac 




24.04 0.07 1695.16 
P. 
grac 
H.C. A.5 0.08 0.79 0.97 0.81 -1.21 0.75 71.00 222.0
0 
9.00 24.67 0.04 1371.03 
D. 
sub 
H.C. A.5 0.09 1.04 1.16 0.71 0.45 0.78 55.00 149.0
0 
6.30 23.65 0.02 1007.87 
D. 
sub 
H.C. A.5 0.07 1.27 1.00 0.73 -0.91 0.93 16.70 49.20 1.94 25.36 0.02 387.40 
D. 
sub 
A.C. A.5 0.20 3.22 0.86 1.04 -4.16 0.91 14.00 25.00 0.59 42.66 0.02 132.48 
D. 
sub 
A.C. A.5 0.08 1.15 1.04 0.90 0.79 1.08 35.00 94.00 3.50 26.86 0.04 716.31 
D. 
sub 
A.C. A.5 0.08 1.35 1.19 0.76 0.31 0.96 26.10 64.50 2.55 25.29 0.05 521.10 
D. 
sub 
H.C. A.5 0.08 1.05 1.11 0.77 0.54 1.11 54.10 156.0
0 
6.50 24.00 21.10 1095.97 





A.C. A.5 0.07 0.90 1.03 0.85 1.53 1.05 42.30 145.0
0 
5.45 26.61 2.72 1015.76 
P. 
grac 
B.C. A.5 0.08 0.87 0.97 0.87 -1.39 0.94 32.30 105.5
0 
4.02 26.24 1.36 722.43 
P. 
grac 
H.C. A.5 0.07 0.88 1.02 0.81 4.12 0.84 34.00 120.0
0 
4.20 28.57 0.35 724.98 
P. 
grac 
H.C. A.5 0.07 0.79 1.03 0.84 1.53 0.81 30.80 106.0
0 
4.10 25.85 0.16 713.75 
D. 
sub 
H.C. A.5 0.08 1.19 1.32 0.70 0.16 0.95 17.80 86.00 2.00 43.00 0.07 404.46 
D. 
sub 
H.C. A.5 0.08 1.15 1.14 0.83 0.32 0.95 19.40 55.70 2.23 24.98 0.05 447.20 
D. 
sub 
A.C. A.5 0.09 1.27 1.12 0.79 0.44 0.97 18.90 46.60 1.79 26.03 0.03 382.76 
D. 
sub 
H.C. A.5 0.08 1.13 1.15 0.74 0.37 0.97 20.40 54.80 2.18 25.14 0.02 450.20 
D. 
sub 
H.C. A.5 0.12 1.80 1.09 0.75 0.88 1.04 21.00 43.60 1.62 26.91 0.01 325.32 
D. 
sub 
A.C. A.5 0.06 0.80 1.10 0.75 0.56 1.09 5.77 25.10 1.13 22.21 0.01 163.18 
D. 
sub 
H.C. A.5 0.08 0.98 1.14 0.76 0.39 1.14 29.80 92.90 3.52 26.39 0.01 681.93 
D. 
sub 
H.C. A.5 0.08 1.00 1.09 0.81 0.57 1.15 28.30 90.10 3.48 25.89 0.02 647.04 
D. 
sub 
A.C. A.5 0.08 1.01 1.19 0.75 0.27 1.15 28.70 86.90 3.45 25.19 0.05 654.53 
  Avera
ge 
0.08 1.12 1.07 0.83 0.46 0.97 31.80 97.08 3.78 26.74 1.43 670.22 
               
D. 
sub 
H.C. 0m 0.31 2.88 1.30 0.94 0.25 1.14 56.20 82.00 2.21 37.10 0.08 595.62 
D. 
sub 




A.C. 0m 0.37 3.05 1.15 1.08 0.37 1.22 47.50 54.60 1.59 34.34 10.29 457.30 
D. 
sub 
H.C. 0m 0.42 1.89 0.58 2.63 2.20 1.27 6.60 8.50 0.24 35.56 4.42 79.20 
D. 
sub 
H.C. 0m 0.63 2.91 3.32 0.23 0.09 0.95 15.00 15.60 0.37 42.05 2.03 99.56 
D. 
sub 
A.C. 0m 0.34 1.83 1.08 1.07 0.54 1.01 15.90 23.90 0.69 34.64 1.17 132.56 
D. 
sub 
A.C. 0m 0.26 2.30 1.11 1.04 0.38 1.22 57.10 95.70 3.02 31.69 2.01 691.35 
D. 
sub 
H.C. 0m 0.35 2.91 1.08 1.09 0.46 1.41 50.40 66.40 1.86 35.70 0.88 515.50 
D. 
sub 
A.C. 0m 0.33 3.31 1.16 1.04 0.35 1.23 49.80 67.00 1.70 39.41 0.61 509.45 
D. 
sub 
A.C. 0m 0.27 2.93 1.11 1.00 0.42 1.18 57.10 91.80 2.52 36.43 0.43 648.02 
D. 
sub 
H.C. 0m 0.28 3.11 1.15 1.03 0.35 1.21 56.50 91.10 2.62 34.77 0.32 631.37 
D. 
sub 
H.C. 0m 0.30 3.14 1.14 1.03 0.37 1.44 55.30 76.70 2.30 33.35 0.27 597.29 
D. 
sub 
B.C. 0m 0.34 3.11 1.08 1.02 0.55 1.25 55.20 70.00 1.91 36.65 0.42 512.02 
D. 
sub 
H.C. 0m 0.34 3.53 1.07 1.09 0.49 1.24 38.20 53.00 1.44 36.81 0.15 371.58 
P. 
grac 
H.C. 0m 0.47 4.15 0.97 1.33 0.56 1.10 41.00 40.00 1.04 38.46 0.06 359.27 
P. 
grac 
B.C. 0m 0.40 3.43 1.00 1.06 0.87 1.04 33.90 37.20 1.09 34.13 0.04 288.39 
P. 
grac 
H.C. 0m 0.41 3.86 0.92 0.93 -4.91 1.11 25.60 29.00 0.81 35.80 0.03 250.28 
D. 
sub 
H.C. 0m 0.39 3.60 1.19 0.99 0.37 1.45 46.80 61.30 1.53 40.07 0.04 429.74 
D. 
sub 




H.C. 0m 0.51 6.23 1.15 1.02 0.47 1.40 38.00 34.40 0.88 39.09 0.01 281.82 
D. 
sub 
B.C. 0m 0.29 3.17 1.05 1.16 0.46 1.27 41.60 58.50 1.60 36.56 0.01 459.89 
D. 
sub 
H.C. 0m 0.32 3.42 1.13 1.07 0.38 1.36 38.40 52.00 1.43 36.36 23.68 404.46 
D. 
sub 
A.C. 0m 0.30 3.28 1.10 1.07 0.43 1.31 36.40 49.20 1.38 35.65 11.64 378.06 
D. 
sub 
H.C. 0m 0.46 4.70 1.21 1.05 0.35 1.48 44.60 49.00 1.14 42.98 5.75 364.93 
D. 
sub 
H.C. 0m 0.51 5.38 1.23 0.99 0.36 1.51 55.40 50.90 1.40 36.36 2.39 433.70 
D. 
sub 
A.C. 0m 0.53 5.50 1.17 1.03 0.42 1.58 41.00 40.60 1.04 39.04 1.06 315.84 
D. 
sub 
H.C. 0m 0.31 2.25 1.22 0.99 0.30 1.11 7.30 10.80 0.33 33.23 0.53 77.58 
D. 
sub 
H.C. 0m 0.56 5.15 1.18 1.22 0.35 1.01 28.60 16.10 0.64 25.16 0.39 210.02 
D. 
sub 
A.C. 0m 0.41 1.59 1.09 0.87 0.86 1.05 4.90 5.77 0.20 28.71 0.19 31.20 
  Avera
ge 
0.39 3.46 1.18 1.08 0.31 1.25 39.26 49.92 1.38 36.10 3.23 379.65 
               
P. 
man 
B.C. 2.5m 0.60 3.82 1.05 0.90 0.98 0.78 27.40 17.10 0.48 35.63 0.10 151.67 
P. 
man 
H.C. 2.5m 0.70 12.02 1.37 0.79 0.47 1.12 15.30 6.33 0.18 34.40 0.06 78.08 
P. 
man 
A.C. 2.5m 0.55 3.34 0.95 0.88 2.17 0.89 36.20 30.90 0.79 39.21 0.03 212.05 
D. 
sub 
H.C. 2.5m 0.65 3.04 1.19 0.74 0.79 0.80 14.40 13.50 0.32 42.86 0.02 75.12 
D. 
sub 
A.C. 2.5m 0.57 3.05 1.18 0.77 0.76 0.75 11.60 13.60 0.33 41.46 0.02 61.10 





B.C. 2.5m 0.58 2.58 1.31 0.84 0.47 0.83 79.20 72.10 1.93 37.36 0.01 453.67 
P. 
grac 
H.C. 2.5m 0.65 2.72 0.96 1.03 1.16 0.92 49.30 51.90 1.31 39.62 0.01 280.42 
P. 
grac 




4.55 32.31 0.01 936.80 
D. 
sub 
H.C. 2.5m 0.93 10.51 1.06 0.85 1.05 1.08 22.20 7.83 0.20 39.75 0.01 101.38 
D. 
sub 
H.C. 2.5m 0.89 14.65 1.12 0.81 0.96 0.86 25.20 9.00 0.23 39.82 16.19 109.31 
D. 
sub 
A.C. 2.5m 0.81 9.98 1.03 0.91 1.09 0.85 22.30 8.10 0.21 38.94 12.95 105.05 
D. 
sub 
B.C. 2.5m 0.43 2.20 1.23 0.54 0.89 1.18 2.62 2.99 0.08 39.34 9.65 16.50 
D. 
sub 
H.C. 2.5m 1.08 8.23 1.35 0.61 0.81 0.77 9.70 3.43 0.08 41.83 7.80 34.90 
D. 
sub 
H.C. 2.5m 0.93 12.05 1.14 0.78 0.96 1.07 32.80 10.90 0.33 33.03 3.71 137.73 
D. 
sub 
H.C. 2.5m 0.70 5.68 1.05 0.99 0.83 0.92 24.40 13.40 0.38 34.90 2.38 131.29 
D. 
sub 
A.C. 2.5m 0.60 4.46 1.03 0.81 1.37 0.91 21.70 16.50 0.41 40.34 1.49 111.76 
D. 
sub 
H.C. 2.5m 0.93 7.14 0.98 1.13 0.85 1.15 38.70 12.78 0.35 36.83 0.71 198.85 
D. 
sub 
A.C. 2.5m 0.71 4.92 1.03 0.83 1.32 0.87 31.30 17.30 0.46 37.37 0.49 147.27 
D. 
sub 
B.C. 2.5m 0.73 5.46 1.07 0.91 0.91 1.00 52.50 29.30 0.70 41.62 0.37 255.85 
D. 
sub 
H.C. 2.5m 0.94 7.88 1.05 0.84 1.14 0.92 38.10 12.50 0.37 33.51 0.30 165.28 
D. 
sub 
H.C. 2.5m 0.88 11.11 0.93 0.88 2.23 0.92 32.20 9.90 0.30 33.33 0.22 148.52 





B.C. 2.5m 0.75 5.23 1.10 0.84 0.92 0.92 17.50 8.00 0.22 35.71 0.14 83.21 
P. 
grac 
H.C. 2.5m 0.53 1.74 0.96 1.11 0.97 0.89 10.10 17.70 0.37 48.23 0.13 64.50 
P. 
grac 
H.C. 2.5m 0.53 2.30 1.14 0.89 0.70 0.73 70.60 82.00 1.94 42.27 0.10 405.47 
  Avera
ge 





















La Y Ho Y/Ho Th REE 
sum 
               
D. sub H.C. 3.5m 1.07 8.20 1.07 1.05 0.71 1.58 65.50 34.10 0.87 39.20 71.95 323.93 
D. sub H.C. 3.5m 1.07 8.59 1.05 1.06 0.75 1.37 62.80 37.10 0.85 43.65 43.82 307.12 
D. sub A.C. 3.5m 1.05 8.91 1.08 1.01 0.74 1.43 56.60 31.30 0.70 44.97 37.30 269.25 
D. sub H.C. 3.5m 1.09 9.27 1.03 1.07 0.78 1.70 46.20 23.60 0.57 41.33 26.66 222.41 
D. sub H.C. 3.5m 1.28 10.29 1.19 0.96 0.63 1.60 38.90 18.90 0.42 44.79 17.37 167.38 
D. sub H.C. 3.5m 1.21 10.47 1.07 0.98 0.81 1.58 48.50 23.40 0.57 41.05 12.24 212.59 
P. 
man 
H.C. 3.5m 0.82 4.70 1.06 1.07 0.68 1.02 41.40 29.30 0.77 38.05 7.83 230.83 
P. 
man 
A.C. 3.5m 0.71 5.44 1.74 0.74 0.26 1.34 20.50 18.80 0.43 43.82 5.38 118.10 
P. 
man 
A.C. 3.5m 0.62 3.60 1.29 0.80 0.52 1.16 12.20 9.80 0.31 31.72 3.76 67.80 
D. sub H.C. 3.5m 0.91 8.25 1.09 1.04 0.67 1.33 62.60 35.20 0.96 36.63 3.08 326.19 
D. sub H.C. 3.5m 1.03 9.62 1.03 1.07 0.78 1.42 61.50 29.90 0.71 42.29 2.44 298.64 
D. sub A.C. 3.5m 1.06 11.87 1.05 1.04 0.77 1.21 50.50 24.20 0.57 42.38 1.92 242.97 
D. sub H.C. 3.5m 1.07 9.71 1.02 1.05 0.86 1.24 45.90 22.70 0.51 44.42 1.65 217.77 
 122 
D. sub H.C. 3.5m 1.05 10.65 1.04 1.03 0.83 1.16 36.20 18.60 0.41 45.81 1.33 171.49 
D. sub A.C. 3.5m 0.97 9.90 1.01 1.06 0.84 1.11 22.40 12.36 0.29 42.04 2.43 112.36 
D. sub H.C. 3.5m 1.06 10.64 1.00 1.06 0.88 1.40 35.60 17.70 0.46 38.82 2.42 174.68 
D. sub H.C. 3.5m 0.84 8.10 1.04 1.02 0.84 1.12 24.80 16.50 0.38 43.42 1.20 124.94 
D. sub H.C. 3.5m 0.90 8.19 1.00 1.08 0.85 1.13 25.40 14.85 0.36 41.83 1.11 132.66 
P. 
man 
H.C. 3.5m 0.82 11.60 1.25 0.99 0.47 1.17 18.07 10.50 0.27 39.47 23.82 97.55 
P. 
man 
H.C. 3.5m 1.00 7.60 0.99 0.97 1.12 1.11 14.00 6.71 0.18 37.07 14.67 64.78 
P. 
man 
A.C. 3.5m 0.78 6.98 1.08 1.02 0.70 1.17 12.00 7.23 0.16 44.91 5.87 64.25 
D. sub H.C. 3.5m 0.92 10.03 0.99 1.03 0.97 1.05 19.30 10.97 0.27 40.78 4.91 102.48 
D. sub A.C. 3.5m 0.86 8.33 1.06 1.08 0.67 1.08 10.38 6.29 0.15 43.38 0.97 56.43 
D. sub A.C. 3.5m 0.79 8.48 1.01 1.06 0.86 1.07 5.97 4.37 0.12 37.35 0.36 33.71 
D. sub H.C. 3.5m 0.90 8.18 1.06 1.09 0.69 1.59 62.20 34.50 0.89 38.90 0.16 332.30 
D. sub A.C. 3.5m 1.23 8.95 1.04 1.06 0.79 1.59 42.30 20.80 0.53 39.47 0.08 194.04 
D. sub H.C. 3.5m 0.95 8.41 1.02 1.08 0.79 1.19 67.90 36.70 0.93 39.68 0.07 347.61 
D. sub B.C. 3.5m 1.07 9.58 1.02 1.07 0.81 1.40 47.00 24.20 0.57 42.83 0.05 226.27 
D. sub H.C. 3.5m 0.99 8.94 1.03 1.03 0.83 1.32 30.40 16.01 0.39 41.05 0.35 150.23 
D. sub A.C. 3.5m 0.73 6.13 1.15 1.14 0.47 1.06 3.57 2.44 0.06 41.36 0.12 21.34 
  Average 0.96 8.65 1.09 1.03 0.74 1.29 36.35 19.97 0.49 41.08 9.84 180.40 
               
D. sub H.C. A.20 0.22 2.38 1.21 1.06 0.22 1.24 29.30 49.70 1.50 33.13 0.07 419.74 
D. sub H.C. A.20 0.21 2.55 1.17 1.06 0.26 1.18 26.30 44.20 1.41 31.35 0.04 368.56 
D. sub H.C. A.20 0.22 2.37 1.20 1.08 0.23 1.23 24.10 44.60 1.25 35.68 0.02 341.18 
D. sub H.C. A.20 0.19 2.06 1.18 1.04 0.25 1.30 38.30 76.70 2.35 32.64 0.02 577.18 
D. sub H.C. A.20 0.24 2.62 1.15 1.14 0.25 1.44 30.20 50.10 1.38 36.30 0.02 416.43 
D. sub A.C. A.20 0.21 2.16 1.16 1.03 0.27 1.30 32.50 58.80 1.75 33.60 0.04 467.82 
D. sub H.C. A.20 0.22 2.46 1.21 1.05 0.24 1.42 37.70 63.50 1.83 34.70 0.05 505.05 
 123 
D. sub H.C. A.20 0.19 2.09 1.20 1.09 0.21 1.33 31.70 58.60 1.91 30.68 21.10 496.28 
D. sub A.C. A.20 0.22 2.40 1.13 1.10 0.29 1.17 22.40 35.40 1.13 31.33 10.42 316.60 
P. grac H.C. A.20 0.17 1.36 1.16 1.00 0.28 0.97 46.40 101.6
0 
3.30 30.79 2.72 718.30 
P. grac H.C. A.20 0.19 1.56 1.20 0.99 0.24 1.19 50.00 102.4
0 
3.22 31.80 1.36 734.69 
P. grac B.C. A.20 0.19 1.46 1.15 1.03 0.30 0.88 54.30 104.4
0 
3.75 27.84 0.35 777.01 
D. sub H.C. A.20 0.19 1.79 1.14 1.11 0.25 1.28 35.60 69.30 2.18 31.79 0.16 557.14 
D. sub H.C. A.20 0.18 1.90 1.25 0.95 0.21 1.25 30.60 64.70 1.98 32.68 0.07 482.51 
D. sub H.C. A.20 0.18 1.63 1.15 1.04 0.26 1.34 39.20 83.90 2.68 31.31 0.05 619.34 
D. sub H.C. A.20 0.18 1.91 1.21 1.03 0.21 1.34 37.80 82.70 2.52 32.82 0.03 608.93 
D. sub H.C. A.20 0.22 2.01 1.19 1.12 0.22 1.49 32.70 59.80 1.69 35.38 0.02 481.42 
D. sub H.C. A.20 0.23 2.59 1.19 1.10 0.23 1.42 30.40 52.30 1.61 32.48 0.01 432.91 
D. sub H.C. A.20 0.25 2.62 1.17 1.13 0.24 1.42 36.60 58.70 1.73 33.93 0.01 494.92 
D. sub H.C. A.20 0.24 2.62 1.20 1.09 0.23 1.34 30.50 49.80 1.53 32.55 0.01 422.27 
D. sub H.C. A.20 0.23 2.37 1.13 1.08 0.30 1.27 34.30 56.50 1.68 33.63 0.02 469.26 
D. sub H.C. A.20 0.16 1.60 1.14 1.01 0.28 1.09 51.70 114.2
0 
3.59 31.81 0.05 836.47 
D. sub H.C. A.20 0.20 1.76 1.10 1.12 0.31 1.33 40.70 76.90 2.46 31.26 0.08 605.94 
D. sub A.C. A.20 0.20 2.11 1.13 1.11 0.28 1.21 26.90 50.20 1.51 33.25 24.85 401.07 
D. sub H.C. A.20 0.15 1.33 1.13 1.05 0.26 1.02 44.60 113.7
0 
3.66 31.07 10.29 784.67 
D. sub H.C. A.20 0.21 2.00 1.16 1.11 0.24 1.29 36.60 66.30 1.99 33.32 4.42 541.34 
D. sub A.C. A.20 0.23 2.25 1.21 1.08 0.22 1.25 28.60 51.00 1.45 35.17 2.03 403.62 
  Average 0.20 2.07 1.17 1.07 0.25 1.26 35.56 68.15 2.11 32.68 2.90 528.91 
               
D. sub H.C. A.1 0.11 1.46 1.15 1.01 0.25 0.89 13.60 28.80 1.13 25.49 1.17 249.32 
D. sub H.C. A.1 0.11 1.17 1.16 0.94 0.29 0.86 12.20 25.00 0.84 29.87 2.01 208.56 
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D. sub A.C. A.1 0.10 1.04 1.08 0.88 0.57 0.88 12.36 32.80 1.01 32.54 0.88 220.52 
D. sub H.C. A.1 0.10 1.55 1.10 0.92 0.40 0.94 36.90 67.20 2.97 22.63 0.61 682.81 
D. sub H.C. A.1 0.09 1.39 1.14 0.85 0.34 0.91 38.90 85.50 3.37 25.37 0.43 790.44 
D. sub H.C. A.1 0.09 1.43 1.09 0.87 0.48 0.91 46.00 99.30 4.01 24.76 0.32 913.89 
D. sub H.C. A.1 0.08 1.64 1.09 0.84 0.47 0.92 29.70 68.30 2.78 24.57 0.27 661.89 
D. sub A.C. A.1 0.09 1.59 1.06 0.87 0.67 0.91 29.70 67.00 2.58 25.97 0.42 639.06 
D. sub A.C. A.1 0.09 1.79 1.08 0.86 0.51 0.93 28.40 60.70 2.44 24.88 0.15 595.22 
D. sub H.C. A.1 0.08 1.17 1.19 0.79 0.24 1.04 3.23 8.27 0.34 24.25 0.06 76.45 
D. sub H.C. A.1 0.08 0.96 1.08 0.87 0.48 0.98 3.80 12.00 0.38 31.91 0.04 89.28 
D. sub A.C. A.1 0.07 0.97 1.15 0.88 0.26 0.93 3.60 13.10 0.39 33.85 0.03 84.73 
P. grac H.C. A.1 0.11 1.68 1.12 0.91 0.35 1.15 31.40 71.00 2.40 29.58 0.04 574.13 
P. grac H.C. A.1 0.11 1.55 1.26 0.85 0.20 1.21 34.70 67.40 2.68 25.15 0.01 653.18 
P. grac H.C. A.1 0.10 1.61 1.12 0.94 0.32 1.19 33.70 72.10 2.63 27.41 0.01 655.45 
P. 
man 
B.C. A.1 0.09 0.78 1.11 0.85 0.44 0.67 39.00 110.0
0 
4.70 23.40 0.01 780.47 
P. 
man 
H.C. A.1 0.08 1.13 1.12 0.86 0.36 0.95 12.42 38.00 1.05 36.29 23.68 259.78 
P. 
man 
A.C. A.1 0.09 0.91 1.27 1.01 0.13 1.01 7.30 16.80 0.61 27.77 11.64 169.37 
D. sub H.C. A.1 0.09 1.42 1.07 0.92 0.50 0.88 15.59 36.10 1.33 27.14 5.75 320.11 
D. sub A.C. A.1 0.09 1.41 1.04 1.10 0.39 0.93 18.31 40.30 1.54 26.17 2.39 390.57 
D. sub A.C. A.1 0.07 1.20 1.06 0.94 0.45 0.85 6.12 19.00 0.64 29.64 1.06 150.53 
D. sub H.C. A.1 0.09 1.49 1.12 0.87 0.35 1.05 33.20 79.00 2.96 26.69 0.53 704.56 
D. sub H.C. A.1 0.09 1.49 1.12 0.88 0.36 1.05 33.40 74.70 2.85 26.21 0.39 689.81 
D. sub H.C. A.1 0.09 1.42 1.10 0.88 0.41 0.98 32.10 75.00 2.77 27.08 0.19 687.04 
D. sub H.C. A.1 0.09 1.33 1.10 0.89 0.41 1.04 35.90 84.00 3.10 27.10 0.10 708.37 
D. sub H.C. A.1 0.09 1.79 1.11 0.88 0.39 1.02 28.80 67.00 2.34 28.63 0.06 575.67 
D. sub A.C. A.1 0.10 1.81 1.10 0.89 0.44 0.94 19.90 43.00 1.57 27.39 0.03 386.53 
P. grac H.C. A.1 0.10 1.16 1.11 0.91 0.37 1.12 34.40 73.80 2.94 25.10 0.02 642.38 
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P. grac H.C. A.1 0.11 1.08 1.08 0.89 0.53 0.94 33.20 75.00 3.02 24.83 0.02 580.18 
P. grac H.C. A.1 0.10 0.98 1.07 0.89 0.59 1.04 36.20 90.70 3.39 26.76 0.01 707.08 
  Average 0.09 1.35 1.11 0.90 0.40 0.97 24.80 56.70 2.16 27.28 1.74 494.91 
               




3.87 31.01 0.01 953.50 
P. grac A.C. 1.5m 0.78 3.32 1.10 0.89 0.83 0.83 62.00 38.00 1.11 34.23 0.01 306.56 
P. grac A.C. 1.5m 0.90 6.03 0.93 0.85 2.14 0.91 17.00 8.03 0.24 34.17 0.01 72.08 
D. sub H.C. 1.5m 1.03 9.51 1.08 0.98 0.79 1.20 32.20 12.80 0.36 35.36 0.01 147.49 
D. sub H.C. 1.5m 1.16 8.47 0.99 0.99 1.09 0.99 21.80 8.30 0.25 32.94 16.19 94.82 
D. sub A.C. 1.5m 0.99 6.40 1.06 0.86 1.05 0.96 17.78 8.60 0.24 35.68 12.95 81.39 
D. sub H.C. 1.5m 1.37 10.97 1.08 0.91 0.90 1.44 37.60 10.93 0.32 34.26 9.65 153.14 
D. sub H.C. 1.5m 1.46 9.48 1.03 0.94 1.00 1.29 33.40 9.36 0.26 35.86 7.80 133.49 
D. sub A.C. 1.5m 1.28 8.92 1.06 0.92 0.94 1.07 29.60 9.33 0.21 44.22 3.71 122.47 
P. grac H.C. 1.5m 0.64 3.15 1.10 0.95 0.71 0.79 133.0
0 
92.00 3.12 29.49 2.38 765.56 
P. grac H.C. 1.5m 0.60 2.80 1.11 0.93 0.71 0.79 77.00 58.10 2.07 28.07 1.49 446.62 
D. sub H.C. 1.5m 1.27 7.46 1.35 0.80 0.56 1.11 19.90 7.00 0.20 35.53 0.71 85.04 
D. sub A.C. 1.5m 1.07 7.07 1.08 0.96 0.82 0.98 20.02 8.32 0.23 35.56 0.49 88.42 
D. sub A.C. 1.5m 1.22 7.97 1.04 0.93 1.01 1.16 17.60 6.53 0.20 33.15 0.37 73.25 
P. 
man 
B.C. 1.5m 0.88 5.18 1.06 0.95 0.87 0.98 51.90 22.70 0.70 32.43 0.30 255.98 
P. 
man 
H.C. 1.5m 0.90 7.28 1.07 0.94 0.85 1.19 41.40 16.80 0.54 31.23 0.22 203.13 
P. 
man 
A.C. 1.5m 0.68 4.93 1.04 0.94 0.94 1.01 8.01 5.41 0.15 37.31 0.18 43.28 
P. grac H.C. 1.5m 0.74 4.89 1.16 0.89 0.67 0.91 37.20 20.70 0.63 32.91 0.14 192.96 
P. grac H.C. 1.5m 0.70 4.80 1.17 0.89 0.66 0.91 19.00 13.10 0.34 38.87 0.13 101.40 
P. grac A.C. 1.5m 0.49 3.14 1.18 0.85 0.63 0.82 6.76 5.11 0.18 29.03 0.10 40.84 
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D. sub B.C. 1.5m 0.94 7.00 1.07 0.94 0.87 0.95 23.90 10.10 0.29 34.59 0.08 112.61 
D. sub H.C. 1.5m 0.76 8.56 1.12 0.86 0.85 0.87 8.58 3.78 0.11 35.33 0.06 39.97 
P. grac H.C. 1.5m 1.17 5.41 1.10 0.95 0.80 1.23 36.20 15.25 0.41 36.84 11.58 160.16 
P. grac H.C. 1.5m 1.29 7.19 0.99 1.03 0.97 1.21 34.20 12.74 0.49 26.00 4.34 145.38 
P. grac A.C. 1.5m 1.10 8.11 1.05 0.94 0.94 1.00 21.30 9.10 0.24 38.56 3.14 92.12 
P. grac H.C. 1.5m 0.78 3.68 1.11 0.89 0.81 0.83 39.40 21.90 0.68 32.21 2.51 198.05 
P. grac A.C. 1.5m 0.56 2.96 1.07 0.96 0.78 0.83 37.30 24.50 1.00 24.50 1.18 233.58 
P. grac A.C. 1.5m 0.63 2.95 1.08 0.86 0.94 0.90 26.40 19.80 0.66 30.00 1.00 146.43 
  Average 0.93 6.10 1.08 0.92 0.89 0.99 38.69 21.37 0.68 33.55 2.88 196.06 
               
D. sub H.C. 2.0m 0.92 12.49 1.20 0.84 0.68 0.92 29.10 8.70 0.25 35.37 0.72 133.89 
D. sub H.C. 2.0m 0.74 11.86 1.05 1.09 0.70 0.96 10.60 5.00 0.12 42.02 0.63 59.42 
D. sub A.C. 2.0m 0.84 8.59 1.18 0.87 0.67 0.86 14.20 5.03 0.15 33.99 15.56 69.77 
D. sub H.C. 2.0m 0.85 10.07 1.10 0.97 0.71 1.01 37.50 14.30 0.36 39.50 4.97 191.16 
D. sub H.C. 2.0m 0.98 11.24 1.04 0.92 1.00 0.97 23.30 8.90 0.21 43.41 2.64 116.06 
D. sub A.C. 2.0m 0.79 10.35 1.17 0.90 0.67 0.93 19.20 7.40 0.22 33.94 1.96 93.71 
D. sub H.C. 2.0m 0.94 10.10 1.10 0.90 0.83 0.98 38.30 13.00 0.30 42.76 0.89 182.56 
D. sub A.C. 2.0m 0.96 14.76 1.14 0.90 0.74 0.88 31.80 8.58 0.21 41.25 0.79 144.13 
D. sub A.C. 2.0m 0.97 14.45 1.10 0.82 1.00 0.90 36.40 10.50 0.31 33.87 0.84 158.83 
D. sub H.C. 2.0m 0.90 9.15 0.92 0.90 3.23 0.93 24.80 8.90 0.24 36.63 1.05 134.01 
D. sub H.C. 2.0m 0.85 10.02 1.16 0.89 0.69 0.82 16.28 6.40 0.18 36.36 1.34 80.22 
D. sub A.C. 2.0m 0.81 7.02 1.15 0.85 0.74 0.86 15.60 6.56 0.18 35.65 1.52 77.15 
D. sub H.C. 2.0m 0.93 11.36 0.94 1.20 0.87 1.00 27.40 10.80 0.27 40.75 1.06 149.26 
D. sub H.C. 2.0m 0.86 8.38 1.10 1.10 0.58 0.94 17.70 7.50 0.20 36.95 0.64 98.72 
D. sub H.C. 2.0m 0.84 10.83 0.95 1.25 0.78 1.16 17.60 5.70 0.19 30.65 0.39 100.60 
D. sub H.C. 2.0m 0.89 9.17 1.02 1.01 0.88 0.95 23.60 7.57 0.21 36.39 0.36 118.31 
D. sub H.C. 2.0m 0.80 10.95 1.06 0.94 0.88 0.86 25.80 9.80 0.26 37.84 0.50 128.38 
D. sub A.C. 2.0m 0.70 7.49 1.49 0.76 0.38 0.99 21.10 10.20 0.29 35.05 0.63 113.24 
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D. sub H.C. 2.0m 1.01 10.56 1.12 0.89 0.81 0.89 36.20 11.60 0.28 40.85 0.58 165.89 
D. sub H.C. 2.0m 0.76 6.94 1.11 0.91 0.76 0.90 40.40 17.90 0.50 35.80 0.62 206.05 
D. sub A.C. 2.0m 0.74 7.44 1.06 0.95 0.84 0.85 25.00 11.40 0.29 39.31 0.80 129.75 
P. 
man 
H.C. 2.0m 0.74 4.84 1.01 1.15 0.72 0.70 32.10 19.20 0.53 36.23 0.96 191.22 
P. 
man 
H.C. 2.0m 0.91 9.64 1.29 0.75 0.62 0.91 16.20 5.70 0.16 36.31 0.78 74.89 
P. 
man 
A.C. 2.0m 0.62 2.49 4.08 0.30 0.08 1.10 2.90 2.99 0.10 29.03 0.48 19.31 
D. sub H.C. 2.0m 0.84 12.56 1.10 0.91 0.83 0.94 21.10 8.50 0.22 38.29 0.30 102.04 
D. sub H.C. 2.0m 0.81 5.86 1.17 0.92 0.64 1.01 13.18 7.40 0.21 34.58 0.29 66.83 
D. sub H.C. 2.0m 0.73 6.29 1.02 0.86 1.30 0.94 11.51 6.30 0.16 39.62 0.18 58.22 
D. sub H.C. 2.0m 0.69 6.01 1.11 0.99 0.65 0.89 47.20 30.00 0.70 42.86 0.13 269.18 
D. sub H.C. 2.0m 0.74 7.60 1.12 0.93 0.71 0.89 35.00 22.00 0.49 44.90 12.49 184.70 
D. sub H.C. 2.0m 0.67 8.36 1.11 0.97 0.68 1.02 31.60 15.90 0.44 36.14 8.15 178.64 
  Average 0.83 9.23 1.21 0.92 0.82 0.93 24.76 10.46 0.27 37.54 2.07 126.54 
               
D. sub H.C. A.9 0.08 0.78 1.11 0.84 0.43 0.79 37.30 120.5
0 
4.93 24.44 3.57 804.27 
D. sub H.C. A.9 0.09 0.73 1.14 0.83 0.34 0.79 42.00 143.4
0 
5.33 26.90 2.23 894.34 
D. sub H.C. A.9 0.08 0.69 1.11 0.81 0.46 0.80 44.30 146.4
0 
5.74 25.51 1.88 961.69 
P. grac H.C. A.9 0.08 0.67 1.11 0.79 0.47 0.71 46.50 156.0
0 
6.57 23.74 0.81 1049.9
2 
P. grac A.C. A.9 0.07 0.82 1.23 0.76 0.21 0.90 27.90 94.00 3.62 25.97 0.44 658.25 
P. grac A.C. A.9 0.07 0.87 1.17 0.83 0.24 0.98 10.00 31.50 1.23 25.61 0.35 259.34 
D. sub H.C. A.9 0.07 1.02 1.20 0.78 0.23 0.94 18.00 54.80 2.23 24.57 0.35 436.17 
D. sub A.C. A.9 0.08 1.12 1.15 0.83 0.28 0.96 14.90 43.50 1.78 24.44 0.39 359.65 
D. sub A.C. A.9 0.07 0.99 1.15 0.82 0.28 0.97 11.70 37.70 1.45 26.00 0.26 295.75 
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P. grac H.C. A.9 0.07 0.79 1.17 0.80 0.28 0.97 33.60 113.0
0 
4.18 27.03 0.30 794.60 
P. grac A.C. A.9 0.08 0.92 1.10 0.85 0.42 1.02 28.40 84.60 3.47 24.38 0.42 657.34 
P. grac A.C. A.9 0.08 0.96 1.12 0.81 0.39 1.01 30.30 91.80 3.59 25.57 0.41 684.37 
D. sub H.C. A.9 0.08 0.72 1.11 0.78 0.50 0.86 36.90 125.0
0 
5.05 24.75 0.49 820.20 
D. sub H.C. A.9 0.08 0.86 1.09 0.82 0.52 0.76 40.20 129.4
0 
4.97 26.04 0.48 882.62 
D. sub A.C. A.9 0.08 0.78 1.10 0.82 0.50 0.74 47.50 146.0
0 
5.99 24.37 0.52 999.82 
D. sub A.C. A.9 0.08 0.97 1.11 0.85 0.41 0.92 37.90 107.6
0 
4.22 25.50 0.71 851.10 
D. sub H.C. A.9 0.08 1.02 1.09 0.85 0.47 0.97 33.30 95.70 3.99 23.98 0.76 797.63 
D. sub H.C. A.9 0.08 1.17 1.12 0.86 0.36 1.09 30.00 78.60 3.34 23.53 69.22 660.28 
D. sub A.C. A.9 0.09 1.22 1.12 0.89 0.34 1.08 26.20 64.50 2.49 25.90 11.09 551.90 
D. sub H.C. A.9 0.09 0.97 1.13 0.85 0.35 1.03 34.30 98.00 3.86 25.39 4.95 732.23 
D. sub H.C. A.9 0.09 1.25 1.12 0.83 0.39 1.02 32.30 81.50 3.29 24.77 5.21 671.42 
D. sub H.C. A.9 0.09 1.23 1.11 0.86 0.41 1.04 30.20 74.50 3.02 24.67 8.28 614.86 
P. 
man 
H.C. A.9 0.08 1.08 1.19 0.76 0.25 1.00 13.50 38.50 1.52 25.33 4.92 325.12 
P. 
man 
H.C. A.9 0.08 1.01 1.08 0.98 0.32 1.01 14.60 42.20 1.84 22.93 6.08 360.96 
P. 
man 
A.C. A.9 0.08 0.98 1.01 1.04 0.66 0.99 6.00 19.70 0.71 27.75 6.25 143.19 
  Average 0.08 0.95 1.13 0.84 0.38 0.93 29.11 88.74 3.54 25.16 5.21 650.68 
               
D. sub H.C. P.7 0.13 2.43 1.15 0.95 0.30 1.11 43.20 63.40 2.45 25.88 4.80 705.61 
D. sub H.C. P.7 0.12 2.33 0.98 1.30 0.40 1.18 37.20 56.10 2.16 25.97 2.52 741.22 
D. sub A.C. P.7 0.13 2.64 1.22 0.88 0.25 1.04 31.10 45.90 1.66 27.65 2.55 495.99 
P. grac H.C. P.7 0.15 2.31 1.22 0.88 0.25 0.80 20.30 26.30 1.03 25.53 3.03 320.08 
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P. grac A.C. P.7 0.19 3.45 1.12 0.97 0.43 0.91 21.90 19.80 0.81 24.44 3.63 261.49 
P. grac A.C. P.7 0.14 2.61 1.09 1.09 0.38 0.82 6.60 7.20 0.29 24.66 3.18 91.70 
D. sub H.C. P.7 0.16 3.26 1.25 0.87 0.25 1.11 38.40 51.00 1.65 30.91 7.29 547.88 
D. sub A.C. P.7 0.17 4.05 1.14 1.04 0.30 0.98 26.60 35.00 1.14 30.70 3.63 376.93 
D. sub A.C. P.7 0.15 3.93 1.08 1.02 0.41 0.93 18.20 23.50 0.78 30.01 1.61 266.66 
D. sub H.C. P.7 0.14 2.79 1.19 0.90 0.28 1.10 38.90 51.20 1.91 26.81 1.11 587.40 
D. sub H.C. P.7 0.14 3.00 1.15 0.91 0.34 1.07 33.70 43.70 1.68 26.01 0.86 515.81 
D. sub H.C. P.7 0.14 3.04 1.08 1.04 0.37 1.06 31.60 42.00 1.59 26.35 0.76 502.46 
D. sub H.C. P.7 0.18 4.40 1.05 0.94 0.70 0.99 24.30 25.90 0.92 28.15 0.80 356.66 
D. sub A.C. P.7 0.16 3.10 1.06 1.14 0.37 0.88 16.40 21.10 0.73 28.90 1.29 253.38 
D. sub A.C. P.7 0.18 4.51 1.42 0.76 0.19 0.90 17.70 18.04 0.65 27.58 1.06 228.02 
D. sub H.C. P.7 0.19 3.60 1.22 0.95 0.27 1.10 38.00 40.80 1.38 29.57 1.28 493.55 
D. sub H.C. P.7 0.18 3.42 1.05 1.08 0.44 1.12 36.10 43.10 1.21 35.68 1.35 516.57 
D. sub A.C. P.7 0.18 3.90 1.18 0.97 0.30 0.96 32.50 31.50 1.14 27.53 0.75 429.26 
D. sub H.C. P.7 0.19 4.05 1.14 1.03 0.35 1.09 38.40 38.00 1.37 27.74 0.76 466.73 
D. sub H.C. P.7 0.18 4.07 1.15 1.07 0.28 0.92 21.70 23.20 0.90 25.92 0.64 298.27 
D. sub A.C. P.7 0.16 3.08 1.17 0.92 0.36 0.93 13.90 18.70 0.60 31.06 0.51 178.33 
D. sub H.C. P.7 0.16 3.52 1.17 0.92 0.32 1.00 47.70 60.70 2.07 29.32 0.47 657.05 
D. sub H.C. P.7 0.21 2.73 1.18 0.89 0.39 0.98 68.10 87.90 2.77 31.73 8.90 751.71 
D. sub H.C. P.7 0.17 3.90 1.18 0.94 0.31 1.03 43.90 52.80 1.72 30.70 2.23 585.70 
D. sub H.C. P.7 0.12 2.15 1.24 0.86 0.22 1.02 46.00 71.30 2.74 26.02 0.67 791.90 
D. sub H.C. P.7 0.12 2.17 1.17 0.91 0.29 1.00 46.20 76.30 2.88 26.49 0.31 792.26 
D. sub H.C. P.7 0.13 2.03 1.19 0.89 0.27 1.13 44.30 67.20 2.79 24.09 0.21 737.04 
D. sub A.C. P.7 0.18 3.59 1.21 0.93 0.28 1.16 43.80 48.20 1.76 27.39 0.26 579.23 
D. sub A.C. P.7 0.18 3.86 1.18 0.95 0.31 1.10 36.00 41.90 1.37 30.58 0.33 469.01 
D. sub A.C. P.7 0.19 3.98 1.15 1.00 0.36 1.02 33.40 45.00 1.10 40.91 0.54 392.37 
  Average 0.16 3.26 1.16 0.97 0.33 1.02 33.20 42.56 1.51 28.48 1.91 479.68 
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P. grac H.C. 4.8m 0.85 5.48 1.09 1.00 0.73 1.41 46.00 32.60 0.81 40.05 0.78 236.51 
P. grac H.C. 4.8m 0.83 6.27 1.07 1.03 0.73 1.21 32.10 22.75 0.59 38.43 1.52 167.85 
P. grac A.C. 4.8m 0.73 5.58 1.10 1.02 0.66 1.19 24.20 18.46 0.46 39.87 1.68 134.54 
D. sub H.C. 4.8m 0.79 6.56 1.08 1.05 0.66 1.45 63.80 41.60 1.09 38.03 2.08 349.46 
D. sub H.C. 4.8m 0.84 6.79 1.08 1.03 0.71 1.56 66.00 42.10 1.08 38.95 1.24 346.73 
D. sub A.C. 4.8m 1.10 8.50 1.08 0.96 0.82 1.85 64.00 34.40 0.80 42.95 1.76 291.17 
D. sub H.C. 4.8m 0.77 5.18 1.07 1.05 0.68 1.20 49.80 36.10 0.94 38.45 1.61 276.87 
D. sub B.C. 4.8m 0.72 3.98 1.09 1.06 0.63 0.87 78.70 62.80 1.67 37.60 1.25 459.36 
D. sub H.C. 4.8m 0.76 4.29 1.11 0.93 0.74 1.25 38.90 31.00 0.83 37.35 0.56 201.78 
D. sub B.C. 4.8m 0.58 3.63 1.13 1.03 0.55 0.88 57.50 51.90 1.40 37.07 0.31 361.07 
D. sub H.C. 4.8m 0.72 3.87 1.09 0.95 0.77 1.41 52.90 44.30 1.14 38.86 0.30 285.05 
D. sub H.C. 4.8m 0.72 4.37 1.07 0.98 0.77 1.32 43.30 34.50 0.87 39.88 0.11 231.25 
D. sub H.C. 4.8m 0.43 2.70 1.12 1.08 0.48 1.05 62.90 66.40 2.15 30.88 2.44 475.78 
D. sub H.C. 4.8m 0.47 2.98 1.13 1.08 0.47 1.29 58.20 58.30 1.82 32.03 1.78 434.19 
D. sub H.C. 4.8m 0.47 3.35 1.12 1.09 0.48 1.32 49.50 48.50 1.55 31.29 1.34 365.40 
D. sub H.C. 4.8m 0.43 2.13 1.09 1.10 0.52 0.73 51.10 62.90 1.89 33.28 1.20 397.32 
D. sub H.C. 4.8m 0.44 2.26 1.14 1.07 0.45 0.77 54.50 60.70 1.85 32.81 1.11 411.85 
D. sub A.C. 4.8m 0.41 2.99 1.11 1.10 0.48 1.07 47.40 52.80 1.65 32.00 0.89 375.08 
D. sub H.C. 4.8m 0.90 7.40 1.07 1.01 0.76 1.38 55.20 33.00 0.81 40.64 0.64 276.28 
D. sub H.C. 4.8m 0.96 7.96 1.04 1.05 0.80 1.46 56.90 34.20 0.96 35.63 0.50 285.80 
D. sub A.C. 4.8m 0.95 7.89 1.09 1.01 0.71 1.42 54.00 31.90 0.77 41.59 0.40 266.75 
P. ram A.C. 4.8m 0.48 3.08 1.02 1.16 0.62 0.93 27.80 27.10 0.87 31.15 0.31 210.95 
P. ram A.C. 4.8m 0.42 2.44 1.14 1.10 0.43 0.93 20.20 22.30 0.67 33.09 0.26 162.36 
P. ram A.C. 4.8m 0.42 3.06 1.22 1.00 0.40 0.87 20.90 22.10 0.65 33.90 0.19 157.29 
P. ram A.C. 4.8m 0.42 2.02 1.15 1.06 0.44 0.78 75.80 87.00 2.79 31.18 0.12 586.85 
P. ram A.C. 4.8m 0.42 2.16 1.10 1.13 0.47 0.82 60.50 72.70 2.14 33.97 0.07 486.19 
P. ram A.C. 4.8m 0.42 2.10 1.10 1.08 0.50 0.86 45.00 52.00 1.68 30.95 0.04 356.28 
D. sub H.C. 4.8m 0.44 2.58 1.16 1.05 0.45 1.05 63.50 70.90 2.25 31.51 0.03 472.21 
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D. sub H.C. 4.8m 0.46 2.90 1.11 1.10 0.49 1.22 57.30 61.00 1.80 33.89 0.03 427.51 
D. sub H.C. 4.8m 0.49 2.91 1.12 1.04 0.54 1.26 53.60 53.00 1.72 30.81 0.03 376.10 
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